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ABSTRACT 
Almost all the terrestrial and aquatic environments in the 
world are contaminated through human activities. Today, no 
project is considered complete without assessment of its 
environmental impact. The assessment includes pollution from 
industrial and urban discharge, heavy metal pollution, pesticides, 
and their effect on life. In 1950, Minimata bay tragedy caught the 
world unawares. The multiple pathways of mercury through air, 
water, soil, food etc. pose a serious concern, because it persists in 
the environment and accumulates in food web. The damage has 
vast implications with human beings at the top of food chain 
getting worst of the deal owing to biomagnification. This is 
important in view of recent researches showing adverse health 
effects of low doses of mercury. The experiment was, therefore, 
designed to analyze neurotoxicity of methyl mercury chloride 
(Img/kg body weight), its relation to behaviour and to find out the 
antioxidant effect of alpha lipoic acid (35mg/kg body weight) on 
mercury induced toxicity. 
The present research work in the thesis entitled 
"Neurotoxicity of organic mercury in albino rats" comprises of 
introduction and historical review, materials and methods followed 
by five chapters and relevant bibliography. 
In introduction and historical review the review of research 
work in the arena of sources of mercury exposure, its toxicity on 
9tlj.-,lr,icl 
nervous, reproductive, immune, hepatic, renal and cardiovascular 
system etc. are described. It also discusses genotoxicity of mercury 
as well as the effect of mercury on animals. The later part deals 
with free radical s t ress (oxidative s t ress in particular), its role in 
mediation of disease progression. Finally the importance of 
behavioural s tudies while studying toxicity is emphasized. 
In materials and methods, procedures and chemicals used 
while conducting different biochemical assays and behavioural 
experiments are described. Formulae used in calculations are also 
given. 
Chapter I p resen ts a detailed description of lipid peroxidation 
as a biomarker for toxic s t ress and importance of sulfhydryl groups 
in cellular defense. In the study, methyl mercury toxicity shows 
increase in TBARS formation and depletion of total and free 
sulfhydryl groups. The behavioural indices of memory and motor 
function correlated with depletion of sulfhydryl groups and 
increase of TBARS. Alpha lipoic acid when given as an antioxidant 
protected animals against biochemical damage which manifested 
itself in improved behavioural functions. 
Chapter II deals with enzymes related to antioxidant defense 
and emphasizes their functional importance in view of methyl 
mercury generated free radical s t ress . The enzymes tested were 
superoxide dismutase (SOD), glutathione S-transferase (GST) and 
C^6s/rac/ 
glutathione reductase (GR). Methyl mercury intoxicated animals 
showed a depletion of antioxidant enzymes in studied brain par ts 
which corresponded with a decrease in behavioural aspects viz., 
motor and memory functions. Alpha lipoic acid in combination 
with methyl mercury exhibited improvement in level of SOD, GST 
and GR and so was the performance in areas of motor function 
and memory. 
Chapter III elaborates on effects of methyl mercury induced 
free radical s t ress on central dogma - DNA • RNA • 
protein and its impact on behaviour. In the study, methyl mercury 
toxicity led to depletion in levels DNA, RNA and protein in 
cerebellum, cerebrum and brain stem respectively by oxidatively 
modifying them. Such animals showed poor performance on Rota 
rod and Y-maze. Alpha lipoic acid when given in combination with 
methyl mercury ameliorated the level of DNA, RNA and protein by 
virtue of its antioxidant effects and helped in restoration oi 
behavioural functions. 
Chapter IV discusses the functional importance of 
monoamine oxidase (MAO) in degradation of neurot ransmit ters 
and effect of mercury on the enzyme. The chapter deals with 
overall free radical s t ress generated by methyl mercury when 
combined with oxyradical s t ress generated due to MAO. It also 
discusses the importance of altered membrane lipid composition 
h 
C^£x/rac/ 
(Chapter I) in regulation of functional activity of MAO. The results 
demonstrate a rise in MAO on exposure to methyl mercury which 
manifests itself in neurobehavioural dysfunctions. ALA when given 
in combination with methyl mercury inclined MAO levels near 
controls which exhibited in improved motor, memory functions and 
also depression. 
Chapter V elaborates on antioxidant properties of bilirubin 
and explores the effect of methyl mercury on bilirubin, creatinine 
and alanine amino transferase (ALT). The fall in bilirubin level in 
comparison to control witnessed a decrease in motor ability and 
loss of memory. The neurobehavioural indices improved with 
inclination of bilirubin level towards control on exposure to alpha 
lipoic acid along with methyl mercury. Serum-creatinine and ALT 
levels exhibited a rise on exposure to methyl mercury, while alpha 
lipoic acid successfully brought their levels down. 
In conclusion, methyl mercury mediates its toxicity on tested 
parameters through free radical induction which couples up 
together in declining of behavioural functions as evidenced by 
memory and motor performances. Alpha lipoic acid is an 
antioxidant which improved the levels of antioxidant subs tances 
and enzymes to decrease free radical damage and ameliorated 
behavioural performances. 
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ABSTRACT 
Almost all the terrestrial and aquatic environments in the 
world are contaminated through human activities. Today, no 
project is considered complete without assessment of its 
environmental impact. The assessment includes pollution from 
industrial and urban discharge, heavy metal pollution, pesticides, 
and their effect on life. In 1950, Minimata bay tragedy caught the 
world unawares. The multiple pathways of mercury through air, 
water, soil, food etc. pose a serious concern, because it persists in 
the environment and accumulates in food web. The damage has 
vast implications with human beings at the top of food chain 
getting worst of the deal owing to biomagnification. This is 
important in view of recent researches showing adverse health 
effects of low doses of mercury. The experiment was, therefore, 
designed to analyze neurotoxicity of methyl mercury chloride 
(Img/kg body weight), its relation to behaviour and to find out the 
antioxidant effect of alpha lipoic acid (35mg/kg body weight) on 
mercury induced toxicity. 
The present research work in the thesis entitled 
"Neurotoxicity of organic mercury in albino rats" comprises of 
introduction and historical review, materials and methods followed 
by five chapters and relevant bibliography. 
In introduction and historical review the review of research 
work in the arena of sources of mercury exposure, its toxicity on 
CU.strru-l 
nervous, reproductive, immune, hepatic, renal and cardiovascular 
system etc. are described. It also discusses genotoxicity of mercury 
as well as the effect of mercury on animals. The later part deals 
with free radical s t ress (oxidative s t ress in particular), its role in 
mediation of disease progression. Finally the importance of 
behavioural s tudies while studying toxicity is emphasized. 
In materials and methods, procedures and chemicals used 
while conducting different biochemical assays and behavioural 
experiments are described. Formulae used in calculations are also 
given. 
Chapter 1 presents a detailed description of lipid peroxidation 
as a biomarker for toxic s t ress and importance of sulfhydryl groups 
in cellular defense. In the study, methyl mercury toxicity shows 
increase in TBARS formation and depletion of total and free 
sulfhydryl groups. The behavioural indices of memory and motor 
function correlated with depletion of sulfhydryl groups and 
increase of TBARS. Alpha lipoic acid when given as an antioxidant 
protected animals against biochemical damage which manifested 
itself in improved behavioural functions. 
Chapter II deals with enzymes related to antioxidant defense 
and emphasizes their functional importance in view of methyl 
mercury generated free radical s t ress . The enzymes tested were 
superoxide dismutase (SOD), glutathione S-transferase (GST) and 
glutathione reductase (GR). Methyl mercury intoxicated animals 
showed a depletion of antioxidant enzymes in studied brain parts 
which corresponded with a decrease in behavioural aspects viz., 
motor and memory functions. Alpha lipoic acid in combination 
with methyl mercury exhibited improvement in level of SOD, GST 
and GR and so was the performance in areas of motor function 
and memory. 
Chapter III elaborates on effects of methyl mercury induced 
free radical s t ress on central dogma - DNA ^ RNA • 
protein and its impact on behaviour. In the study, methyl mercury 
toxicity led to depletion in levels DNA, RNA and protein in 
cerebellum, cerebrum and brain stem respectively by oxidatively 
modifying them. Such animals showed poor performance on Rota 
rod and Y-maze. Alpha lipoic acid when given in combination with 
methyl mercury ameliorated the level of DNA, RNA and protein by 
virtue of its antioxidant effects and helped in restoration of 
behavioural functions. 
Chapter IV discusses the functional importance of 
monoamine oxidase (MAO) in degradation of neurot ransmit ters 
and effect of mercury on the enzyme. The chapter deals with 
overall free radical s t ress generated by methyl mercury when 
combined with oxyradical s t ress generated due to MAO. It also 
discusses the importance of altered membrane lipid composition 
(Chapter I) in regulation of functional activity of MAO. The results 
demonstrate a rise in MAO on exposure to methyl mercury which 
manifests itself in neurobehavioural dysfunctions. ALA when given 
in combination with methyl mercury inclined MAO levels near 
controls which exhibited in improved motor, memory functions and 
also depression. 
Chapter V elaborates on antioxidant properties of bilirubin 
and explores the effect of methyl mercury on bilirubin, creatinine 
and alanine amino transferase (ALT). The fall in bilirubin level in 
comparison to control witnessed a decrease in motor ability and 
loss of memory. The neurobehavioural indices improved with 
inclination of bilirubin level towards control on exposure to alpha 
lipoic acid along with methyl mercury. Serum-creatinine and ALT 
levels exhibited a rise on exposure to methyl mercury, while alpha 
lipoic acid successfully brought their levels down. 
In conclusion, methyl mercury mediates its toxicity on tested 
parameters through free radical induction which couples up 
together in declining of behavioural functions as evidenced by 
memory and motor performances. Alpha lipoic acid is an 
antioxidant which improved the levels of antioxidant subs tances 
and enzymes to decrease free radical damage and ameliorated 
behavioural performances. 
INTRODUCTION AND HISTORICAL REVIEW 
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In 1950, Minimata bay tragedy caught the world 
unawares. The multiple pathways of mercury through air, water, 
soil, food etc. pose a serious concern, because it persists in the 
environment and accumulates in food web. The damage has vast 
implications with human beings at the top of food chain getting 
worst of the deal owing to biomagnification. This is important in 
view of recent researches showing adverse heal th effects of low 
doses of mercury. 
Sources of mercury 
The major source of mercury is na tura l degassing of 
earth 's crust including land areas, rivers 85 ocean and it is 
estimated to be 25,000 to 1,50,000 tons per year. Coal burning is 
estimated to be the largest source of mercury released to air. 
Informal gold mining has used mercury since antiquity. High 
contamination of Brazilian Amazon (Brazil - world's second largest 
producer of gold) is indicated by the strong presence of mercury in 
Its biota ( Grandjean , 1999 ). 
University of Tennessee found automobiles as largest 
source of mercury with contaminated scrap switches and antilock 
breaking systems. When medical devices like, thermometer / 
sphygmomanometer or household items like, fluorescent night 
lamps, thermostats etc. are discarded residual mercury is emitted. 
Chloralkali plants serve as important source of mercury exposure 
7/:/njr/'.-r//'^/.' unr^ /jj.y'ora: 
TABLE 1. 
HUMAN EXPOSURE TO MERCURY 
Industrial/Occupational 
Mining, smelting and industrial discharge of Hg 
Metal refining 
Paper pulp mill 
Fossil fuel (coal, natural gas burning) 
Production of chlorine and caustic soda 
Refining of petroleum products 
Catalysts 
Pesticide application 
Military application (such as detonators) 
Production of steel 
Cement production 
Phosphate and smelting of metals from sulfide ores 
Dental applications 
Laboratory uses 
Environmental 
Metallic industry 
Burning of fossil fuel (such as power stations) 
Production of steel 
Cement production 
Phosphate and smelfing of metals from sulfide ores 
Incinerators 
Waste disposal 
Dental amalgam felling 
Domestic 
Dental amalgam 
Painting and ceramics 
Measurement and control systems (such as thermometers) 
Food-stuff (especially organic mercury) 
Contaminated water and plants 
Paints, battery, drugs 
.Source: OccupatiDiial and environmental exposures by C. winders, C. Bai and N. M. Staccy m 
Handbook ol'Human toxicology edited by H. J, Massaro 
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to its workers while, occupational exposure to dental personnel is 
well known. For patients the estimated increase in blood Hg, 
plasma Hg, and urinary Hg is 0.8%, 2% and 3 % per amalgum filled 
surface respectively ( Akesson 85 Schulz , 1991 ). 
About 70% corpses are cremated in U.K. It is estimated 
that one crematorium emits 5.43 Kg Hg per year ( Tore, 1993 ). 
Numerous factories that directly pump untreated effluents pollute 
ground water. Ground water samples from 8 places in India -
Punjab, Haryana, Andhra Pradesh & Gujrat when analyzed at IIT, 
Kanpur showed surprisingly high level of Hg in all samples. Water 
samples from Panipat (Haryana) had highest level of Hg with a 
concentration 268 times that of safe limit, even the samples with 
least Hg value had 58 times more than the upper safe limit. The 
polluted water produces acidic rain. In US rain samples from 
various places had much higher mercury value than prescribed for 
instance, Kenosha, Wincosin had 73 times more than safe levels. 
The emitted mercury both natural 86 anthropogenic is in 
an inorganic form predominantly metallic vapour which is carried 
off to great distance by winds eventually falls in water bodies. In 
aquatic environments inorganic mercury is microbiologically 
transformed into lipophillic organic compound, methyl m e r c u n . 
This transformation makes mercury more prone to 
biomagnification in food chains. Consequently, populations with 
/[itfni'luc!i(jn 'Hifl /iisl'im.iJ !\ 
TABLE 2. 
MERCURY CONTAMINATES COMMERCIALLY CAUGHT FISH AND 
MANY OTHER FOODS 
FOOD 
Tuna, canned in oil 
Haddock, 
pan cooked 
Tuna Noodle 
Caserole 
Shrimp , boiled 
Fish sticks .frozen 
Liver, Beef, fried 
Fish Sandwich , 
FstFd 
Spinach 
Fresh/frozen 
Oatmeal, quick 
Eggs fried 
Eggs boiled 
Mushrooms, raw 
Avocado, raw 
Eggs, scrambled 
Crisped Rice cereal 
Percent 
contaminated 
100 
94 
88 
94 
75 
31 
44 
31 
13 
6 
6 
38 
38 
13 
31 
Highest mercury 
contaminat ion level 
(mg/g) (ppm) 
0.322 
0.156 
0.063 
0.053 
0.03 
0.03 
0.021 
0.018 
0.012 
0.001 
0.01 
0.009 
0.009 
0.009 
0.008 
Average mercury 
contaminat ion level( 
mg/g ) (ppm) 
0.171 
0.65 
0.02 
0.024 
0.009 
0.003 
0.004 
0.002 
0.001 
0.001 
0.001 
0.002 
0.001 
0.001 
0.001 
Source: Environmental working group compiled from FDA Total Diet Study, 1991 -1996. 
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traditionally high dietary intake of food originating from fresh or 
marine environment have highest dietary exposure to Hg. 
Extensive research done on locals across the globe have already 
established this for instance, polar Eskimos. Persons who routinely 
consume fish (a particular species of fish) are at an increased risk 
of methyl mercury poisoning ( Hansen, 1997 ). Since mercury 
intake is expressed on a per Kg body weight basis exposure of 
children under age 14 is 2 - 3 times high because of higher food 
intake per Kg body weight. Research conducted by environment 
protection agency (EPA) has found that 1.6 million women and 
children are at risk from Hg contaminated food. Table No. 2 shows 
100% contamination of canned fish. The organic form of mercury 
in fish IS most toxic as it passes blood-brain barrier owing to its 
lipid solubility. When 21 fish species, cephalopods and 
crustaceans were analyzed for Hg contamination the first two 
ranked higher. In another study, out of 21 fish species, 62% 
contained Hg exceeding wild life critical value for piscivorous 
animals. A total of 24% fish exceeded critical value for human 
consumption and 58% wildlife critical value. Hg levels in fish 
eating birds is 3-12 times higher than the fish they eat. Cattle and 
pigs kept m area with contaminated river water had twice level of 
blood and hair Hg than control ones ( Shumacher , 1994 ). 
'^r)try>(hicli(>ti '.uu/ /iisf(/ric<ll r\'i /,-. 
Lanka et. al. 1992 while, analysing m situ aquatic and 
terreslnal plants around chloralkali factories found vegetables 
along with other plants growing at Hg cone. 8.9 mg./Kg. Cabbage 
(Brassica oleracea) and amaran thus {Amaranthus oleraceous] 
accumulated Hg at significant levels. Mushrooms and lichens 
( Rauter, 1975 ) have also shown to accumulate Hg. Use of 
mercuiy in vaccines have caused furor in concerned circles owing 
to death of infants and speculations over long term effects. 
Thimerosol, a mercury-containing compound is used as a 
preservative in hepatitis B, diphtheria, per tus is and acellular 
pertusis and te tanus vaccines. Reports by Harada et. al, 2001 in 
Kenya 86 Tanzania confirmed mercury poisoning using Hg laced 
skin lightening soaps. 
Economic projections of Washington th ink- tank soceity for 
future indicate humans are likely to double their mercury release 
m next 50 years . If that occurs, some scientists say, freshwater 
fish everywhere will get toxic to man. If all h u m a n resources of Hg 
pollution are eliminated to clear it would take 1 5 - 2 0 years for 
ocean and atmosphere to reach natural levels. It is est imated that 
$ 1,429 - $ 4,359 would be required to eliminate per pound of 
mercuiy. This excludes the cost of damage to life 86 environment. 
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Toxicity of Mercury 
Mercur}' has been synonymous with Minimata disease. 
But all types of toxic effects of Hg on h u m a n beings from 
neurological disorders to psychological, cardiac, immunological, 
hematological, nephrological to reproductive damages are reported. 
Foetus, infants and women are most susceptible towards Hg 
toxicity. Recentty mercury has been found to play important role in 
neurodegenerative diseases like, Parkinsons disease. Multiple 
Sclerosis (MS), Amyotrophic lateral sclerosis (ALS), Alzheimer's 
disease (AD), Autism, Dementia etc. The element h a s been found to 
disrupt functioning of Master gland i.e., pituitary besides causing 
damage to brain, kidney, bones & liver. Mercury (with *'^ charge) 
fights for biological spaces of essential minerals like Mg, Fe, Cu, Zn 
and I at their active sites thus disturbing the functions attributed 
to them. Holt, 1986, found that mercuric mercury (Hg-^ )^ reduces 
foetal concentration of Zn-^ ,^ Cu^*, Fe^ "^  when injected to pregnant 
rats . 
1. Effects of mercury on nervous system 
Inorganic mercuric chloride mainly affects renal and 
gastrointestinal symptoms. Its neurological symptoms include fine 
tremor usually of hands and fingers while, organic mercury 
exclusively results m neurological disorders - ataxia, dysarthria, 
paresthesia and tunnel vision ( Gallagher, 1982 ). Despite their 
'7nfrfj<Juction ujid htstnncal i\> 
destructive clinical syndromes both are capable of neuronal 
necrosis. On examination of long term effects of methyl mercury 
exposure it was found that brain weights of subjects were reduced 
by 80 - 200 g as compared to controls implying that methyl 
mercury promotes single cell necrosis, the so called thinning out in 
brain cortex ( Takenchi et ah, 1996 ). 
(a). Adults 
In a study conducted by Mergler et. ah, 1998 on fish 
eaters of upper St. Lawrence river, Quebec, fish consumers showed 
higher levels of mercury 8& lead. They performed poorly on tests 
requiring cognitive flexibility, word naming, mandatory recall and 
more complex motor tests . In 1998, Harada et. al. Conducted a 
survey of population on coast of Sheranui sea, J a p a n who ate fish 
and shell fish caught from sea. They had low hair Hg levels <10 
ppm. Though they did not show particular symptoms of Minimata 
disease (Table 3). They had various neurological symptoms 
particularly sensory disturbances such as glove 85 stocking type at 
a very high rate . Label et. al, 1998 studied the effect of Hg in adult 
population of amazonian ecosystem with hair Hg below 50 |ig/g. 
They found near visual contrast sensitivity and manua l dexterity 
decreased significantly in dose dependent manne r & there was a 
yntirjcfuclion muJ /itslonc<iI /\'oi,-n 
TABLE 3 
FREQUENCY OF CLINICAL SIGNS AND SYMPTOMS IN MIMMATA DISEASE 
Symptom or sign 
Constriction of visual fields 
Sensory disturbance 
Ataxia 
Impairment of speech 
Impairment of hearing 
Impairment of gait 
Tremor 
Mental disturbance 
Exaggerated tendon reflexes 
Hyper salivation 
Muscular rigidity 
Ballism 
Chorea 
Pathologic reflexes 
Athetosis 
Contractures 
Frequency % 
100 
100 
94 
88 
85 
82 
76 
71 
38 
24 
21 
15 
15 
12 
9 
9 
Source: Mercuiy in human and animal health by Louis W. Chang and K. R. Reuhl in 
Trace elements in health edited by Buttenvorths. 
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tendency for increased muscular fatigue and decreased muscular 
strength among women. While studying long-term effect of low 
dose of mercury Ninomiya (1995) found hypoesthesia, ataxia, 
dysar threa & impairment of hearing and visual change in the 
study group. They found listed neurological disorders ten years 
later, after the end of methyl mercury dispersion from Minamata 
on coast of Shiranui sea. Mercury exposed workers of chloralkali 
plant showed lower levels of performance for finger dexterity, 
tapping and aiming corresponding with increasing current 
exposure ( Gunther ). Clear deficits in short- term auditory memory 
have been reported repeatedly on occupational exposure to Hg 
(Soleo, 1990 ). 
(b). Foetus/Children 
Masazumi Harada, 1965 observed that if concentration of 
methyl mercury is very high in mothers they do not conceive, if 
they do there is low rate of pregnancy the foetus is aborted or was 
stillborn. At even lower doses conception and live birth occurred 
but the child suffered from serious neurological symptoms (Table 
4). Studies by Snyder et al, 1971 indicate that the difference in 
sensitivity between foetus and adult organism is between 2 and 5 
with foetus being more susceptible to Me Hg toxicity. Elemental Hg 
also crosses placenta and causes human foetal toxicity. Me Hg 
concentration is high m milk if mothers have been contaminated 
ynlnjducttoii O/KJ /jis/or/c<jJ /vi'wr. 
with it ( Harada, 1968 ). The neuropathological examination of 
brains of children prenatally exposed to organic Hg reveals 
dysplasmia of cerebral and cerebellar losses, neuronal ectopia and 
several other developmental dis turbances ( Geelen, 1990 ). 
Maternal hair and cord blood concentrations are 
considered good biomarkers for mercury exposure to foetus. For 
instance, peak maternal hair Hg concentration 165 - 320 ppm was 
correlated by Marsh et. al, 1981 for neurological deficits in infants 
including varying degrees of psychomotor retardation. Greater 
foetal risk appeared during 2"^ * trimester. Grandjean et. al, found 
detectable subtle effects on brain function in domains of language, 
memory and motor at prenatal meHg exposure. Currently 
considered level to be safe is below 10 - 20 i^g/g of hair. They 
reported neurobehavioral dysfunction even if maternal hair Hg is 6 
|ig/g, corresponding value for blood is approximately 24 |j.g/l ( Clin 
Chem 1994 ). Consumption of pilot whale meat cord blood and 
hair Hg cone, showed deficits in language along with attention, 
memory and to a lesser extent disturbance in visuospatial and 
motor function ( Grandjean, 1997 ). On prenatal exposure methyl 
Hg poisoning may cause constriction of visual fields and also 
deafness ( Murata, 1999 ). In Amazonian children where informal 
gold mining commonly uses Hg to capture gold particles more than 
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TABLE 4 
PREVALENCE OF SYMPTOMS IN 22 CASES OF PRENATAL METHYL 
MERCURY INTOXICATION IN MINAMATA 
Symptoms 
Mental disturbance 
Ataxia 
Impaimient of gait 
Disturbance in speech 
Disturbance in chewing and swallowing 
Brisk and increased tendon reflex 
Pathological reflex 
Involuntary movement 
Salivation 
Forced laughing 
% Prevalence 
100 
100 
100 
100 
100 
82 
54 
73 
77 
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80% of children of the three villages studied by Grandjean et ai, 
1999 showed Hg hair concentration above 10 M-g/g-
Neuropsychological tests of motor function, at tention, visuospatial 
performance associated with hair mercury in the area. Methyl 
mercury poisoning may cause constriction of visual fields and 
deafness especially if exposure occurs prenatally ( Murata , 1999 ). 
Alka et.al, 2000 in an extensive study on Ganjam area (M. P.) have 
found that nutrit ional deficiency get compounded when the 
population is exposed to mercury through air, food, water and 
landmass. Ganjam has been declared as hot spot of pollution by 
laboratory of Environmental Toxicology, Behrampur University. 
Out of total 85 .4% abnormal children 78 .4% suffered due to 
environmental influences. They were found to live in vicinity of 
industrial sector contaminated highly with Hg. Mercuiy as low as 
10 ppm has been found toxic to the foetus ( Marsh, 1995 ). 
2. Effect of mercury on reproductive sys tem 
Mercury adversely affects the reproductive potential of 
both males and females. As already discussed high concentration 
of Hg do not let females conceive. At smaller levels foetus is 
aborted or is stillborn ( Masazumi Harada, 1965 ). This is 
supported by a s tudy on female dental ass i s tan ts with high 
occupational exposure to Hg were found to be less fertile than 
unexposed controls ( Rowland , 1994 ). 
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According to WHO report 0.5 mg/Kg Hg contaminated 
food should not be sold for human consumption. Hg accounts for 
sub-fertility in Hong Kong males ( Dickman, 1998 ). Organic as 
well inorganic mercury decreases the percentage of motile 
spermatozoa. In a study conducted by Ernest et ah, 1991 after 30 
minutes incubation with 20 m^icromole methyl mercuric chloride 
less than 5% of h u m a n spermatozoa were found motile. 
3. Effect of mercury on immune system 
Both organic and inorganic mercury suppress immune 
response. Mercury intoxication has been associated with decrease 
antibody formation, lymphocyte function and increase infectivity 
( Blakely & Dieter, 1980) . 
Inorganic mercury may cause immunologically mediated 
diseases e.g., glomerulonephritus, acrodynia (Pink disease) and 
contact allergy. Infants exposed to phenyl mercury from treated 
diapers and young children ingesting mercuric chloride in teething 
powders have been found to develop acrodynia and kawasaki 
disease ( Kazantis et ah, 2002 ). Significantly decreased level of 
serum Ig G and Ig A were observed in workers occupationally 
exposed to metallic mercury vapours chronically ( Moszezynski et. 
ah, 1990 ). Mercury inhibits deiodination of T4 to T3 in chloralkali 
workers exposed to mercury vapours for an average of 10 years 
( Barregard et. al, 1994 ). 
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The intensity of Listeria monocytogenes infection of the 
internal organ as well as their survival ra tes were found to increase 
upon chronic exposure to mercury ( Cerkasinas, 2002 ). Single 
dose of 20 g mercuric chloride was found to aggravate infection 
with herpes simplex virus type 2 (HSV-2) in mice ( Christensen, 
1996 ). Metallothionein (MT) exerts cytoprotective effect against 
heavy metal toxins. J in et. al, 2002 found that MT immunization 
plus HgCb t reatment in BALB/c mice dramatically decreased bone 
mineral density and humoral bone formation indices, alkaline 
phosphatase activity and osteocalcin. They also found significantly 
decreased serum ti ters of Ig E and Ig G 1. 
4. Effect of mercury on cardiovascular sys tem 
Prenatal exposure to methyl mercury may affect 
development of cardiovascular homoeostasis, in children with 
lower birth weight, systolic and diastolic blood pressure , increase 
13.9 mm Hg when cord blood mercury concentration increases 
from 1 - 1 0 |xg/l cord blood ( Sorensen, 1999 ). The neonates born 
to mothers through consumption of fish/gram were found to have 
higher RBC Hg levels than mothers ( Suzuki et. al, 1971 ). 
5. Effect of mercury on liver and kidney 
Hussain, 1999 found that kidneys accumulate highest 
levels of mercury compared to brain and liver. Lin, 1996 reported 
that mercury is accumulated in liver when injected as methyl 
InttiuJuclinn <u]J histoncdl rv 
mercury chloride and the hepatotoxicity is proportional to 
increased lipid peroxidation. Huang, 1996 concluded that severity 
of hepatotoxicity and nephrotoxicity is consistent with elevation of 
mercury concentrations. The number of proteinuria was higher in 
workers chronically exposed to mercury ( Abdennour, 2002 ). The 
brain to liver mercury ratio increases with aging in mice ( Massie, 
1993 ). Nicholson et. ah, Nature, 1983 reported tha t sea birds from 
mercury contaminated colony, metal dosed birds and metal dosed 
mice have nephrotoxic levels of severe type. 
Mercury increased level of SGPT, bilirubin and blood urea 
nitrogen against dimethyl mercury treated r a t s ( Kourounakis, 
1994 ). Dimethyl mercury also increased triglyceride levels in rat 
liver ( Kourounakis, 1991 ). Renal dysfunction increases plasma 
ceratinine level upon methyl mercury intoxication for 5 ppm 
mercury for two years ( Yasutake et. ah, 1997 ). El Demerdash, 
2001 found decrease in protein (brain and liver) acid and alkaline 
phosphatase and glutathione S transferase upon 0.5 (imol/ml 
mercury for five consecutive days, while TEARS was found to be 
significantly increased in brain and liver. 
6. Genetic effect of Hg toxic i ty 
Skerfving et. a/., 1974 reported statistically significant 
relationship between blood cell Hg levels and frequencies of cells 
with chromatid type aberrat ions, unstable chromosome type 
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aberrat ions and aneuploidy in lyphocytes from persons with prior 
exposure to MM through fish ingestion. Bucio et. al. in 1999 
showed Hg induced DNA single s t rand breaks on alkali labeled 
sites using single cell gel electrophoresis assay. The percentage of 
damaged nucleus and average length of DNA migration increased 
as metal concentration and time increased. Mercury is known to 
induce c mitosis in plants ( Leonard, 1983 ). 
Effect of mercury on animals 
The general signs of Hg toxicity for sheep, cattle, pig, 
chicken and turkey include lack of appetite, loss of weight, 
muscular incoordintion, unstable gait and lameness . Mercury was 
found to accumulate in tissue and hair of livestock for a 
considerable length of time after cessation of exposure. Therefore, 
its consumption would be hazardous. Amand et ah, 1994 found 
that inorganic mercury disturbs a par t of respiration process in 
shr imp larvae Pandalus borealis. Gale et. al. showed increased 
incidence of cardiac and non cardiac defects specifically pericardial 
cavity distention and internal abnormalities of diaphragm and 
ventral body wall have been produced by exposing pregnant 
hamsters to Hg acetate on day 12 of gestation. Intra peritoneal 
injections of 0.1 mg MMD (methyl mercury Dicyanadiamide) 
produced no increase in dead fetuses. However, increased sterility 
was noted in both sexes. Pregnant mice given same t reatment on 
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10'^' day of pregnancy produced a high frequency of resorbed litters 
and increase in percentage of dead foetuses ( Lofroth, 1970 ). 
Mercury produced teratogenic effects below 15 mg /kg in hamsters 
( Gale, 1981 ). Phenyl and methyl mercury increased significant 
incidence of non-separation of sex chromosomes in Drosophila 
melanogaster { Ramel, 1969 ). 
There are numerous studies showing neurobehavioral/ 
locomotory dysfunction in laboratory animals specifically rats . 
Rocha et. ah, 2001 found short term exposure to mercury during 
suckling (second stage of rapid post-natal brain growth) caused 
permanent changes in locomotor activity in r a t s that can be 
interpreted as hyperactivity. Embryotoxicity and teratogenecity of 
organic mercury compounds have been observed in fish, birds and 
even mammals ( Leonard e t ah, 1983 ). 
Free radical stress 
Free radicals are highly reactive, unstable species that 
interact with proteins, lipids and carbohydrates and are involved in 
cellular injury induced by a variety of chemical and biological 
events. The free radicals are characterized by an odd number of 
electrons of similar directional spins isolated singl}' in separate 
orbitals ( Black, 1987 ). 
Free radical generation occurs by 
1. Absorption of radiant energy e.g., UV light. 
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2. Enzymatic reactions metabolizing drug/chemicals . 
3. Reduction-oxidation reaction e.g., during respiration 
small amount of toxic intermediates are produced 
including superoxide anion radical (O2' '), Hydrogen 
peroxides (H 2 O2) and hydroxyl ions (OH'). 
(i) Transition metals donate or accept free electrons 
during intracellular reactions. 
(ii) Nitric oxide (NO), an important chemical 
mediator can act as free radical. 
Free radical induces cellular damage has been widely reported 
( Nagy, 2001 , Gutteridge 85 Halliwell, 1999 ). Free radical s t ress is 
particularly responsible for following 
1. Lipid peroxidation: It is a basic deteriorative reaction that is 
involved in many disease processes and chemical toxicities ( Tappel 
and Dillard, 1981 ). Free radicals in presence of oxygen may cause 
peroxidation of lipids within plasma and organelle membranes . 
Oxidative damage is initiated when the double bonds in 
unsa tura ted fatty acids of membrane lipids are at tacked by oxygen 
derived free radicals. 
Initiation 
LH (Lipid) + O2 -> L" (Lipid free radical) 
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OXYGEN 
i 
AEROBIC METABOLISM 
Mitochondrial, peroxisomal enzymes, 
Cytosolic oxidases, cj-tochrome P-450 
i 
00* 
NO" 
00*" 
SOD 
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H202 
Radox sensitive cellular functions: 
Cellular differentiation 
Signal transduction 
Transcriptional control 
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oxygen 
molecules 
I 
Macromolecules: 
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CELLULAR AGEING 
Fig. 1. Oxidative stress and ageing. Aerobic metabohsm generates reactive oxygen species. These free 
radicals can be inactivated by antioxidant defence mechanisms or give nse to a variety of secondaiv 
reactive oxvgen metabolites (e. g., peroxynitrite). Interactions beUveen ROS and macromolecules mav 
cause both irreversible and reversible oxidative modifications (Weindruch R., Sohal R, S.: Caloric intake 
and ageing NIZngI J Med 337: 986, 1997). 
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The lipid radical interactions yield peroxides which are 
themselves unstable and reactive and an autocatalytic reaction 
called propagation ensues which resul ts in extensive cellular and 
membrane damage. 
Propagation 
L* + O2 -^ LOO-
LOO- + LH -^ LOOH + L-
Termination takes place when free radical is captured by 
scavengers like, vitamin E. 
Termination 
LOO- + LOO- -> LOOL + O2 
LOO- + L- -^ LOOL 
L- + L- -^ LL 
Lipid peroxidation (LPO) events are hazardous as lipid 
peroxyradicals can initiate oxidative chain reactions ( Freeman and 
Crapo, 1982). LPO has been found to be important in ageing, 
damage to cells by air pollution and toxic chemicals (Tappel, 1970). 
LPO irreversibly damage brain cells by degeneration of 
phospholipids comprising cellular membranes ( Demopoulos et. al, 
1979). Membrane bound enzymes as well as membranes are 
adversely affected by lipid peroxidation { Bucio and Gibson, 1999 ). 
2. Oxidative modification of proteins: Free radicals promote 
oxidation of amino acid side chains, the formation of protein-
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protein cross linkages (e.g., sulfhydryl mediated), and oxidation 
and fragmentation of the protein backbone ( Olson 85 Kobayashi, 
1992 ). Oxidative modification enhances degradation of critical 
enzymes by multicatalytic proteosome complex. 
3. Damage to Deoxyribonucleic acid (DNA): In 1984, Hidefuku 
hypothesized that free radical may depress or inhibit the repair of 
sub-lethal damage which has been brought by hyperthermia or 
lethal damage. Reaction with thymidine in nuclear and 
mitochondrial DNA produce single s t rand breaks in DNA. This 
DNA damage has been implicated in cellular ageing and in 
malignant transformation of cells (Robbins pathologic basis of 
disease ). Free radicals may give rise to hydroxylation of nucleic 
acid bases ( Olson Ss Kobayashi, 1992 ). 
Free radical defence 
To combat the free radical s t ress living organisms are 
endowed with multiple mechanisms listed below so as to minimize 
cellular injury 
=> Free radicals are inherently unstable and generally decay 
spontaneously. Super oxide, for example, is unstable and 
decays spontaneously into oxygen and hydrogen per oxide (H2 
O,). 
=> Several systems contribute to inactivation of free radical 
reactions. 
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1. Antioxidants either block the initiation of free radical formation 
or inactivate (e.g., scavenge) and terminate free radical damage 
like, Vitamin E and A and glutathione in cytosol. 
2. The levels of reactive forms generated by iron and copper are 
minimized by binding of ions to storage and t ransport proteins 
e.g., transferrn, ferritin, lactoferrin and ceruloplasmin. 
3. A series of enzymes act as free radical scavenging system and 
breakdown Ha O2 and superoxide anion. 
Catalase present in peroxisome decomposes H2 O2 
2H2O2 -. 2O + O2 
Superoxide dismutase (SOD) is found in many cell types 
and converts super oxide to H2 O2. 
This group includes both Mn superoxide dismutase in 
mitochondria and Cu Zn superoxide dismutase in cytosol. The cells 
increase SOD synthesis in response to s t ress ( Firdovich, 1983 ). 
Glutathione peroxidase also protects against injury by 
catalyzing free radical breakdown. 
Glutathione transferases are a family of multifunctional 
proteins that function both a s important enzymes of detoxification 
and intracellular binding proteins ( Boyer, 1989 ). Glutathione 
reductase regenerates reduced glutathione tha t h a s been oxidized. 
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Glutathione 
It is a naturally occurring widely distr ibuted tripeptide 
which functions as an antioxidant. It plays a pivotal role in 
destruction of free radicals as well as inorganic and organic 
peroxides ( J i and Fu, 1992 ). It has been implicated in a wide 
variety of biological functions like, maintenance of cell membranes , 
destruction of metabolic peroxides and free radicals, removal of 
H2O2, maintenance of thiol group of enzymes and proteins, control 
of redox s ta tus , disulphide exchange reactions and transport of 
amino acids and peptides across membranes ( Hazelton and Lang, 
1980). 
The tripeptide comprises of glycine, cysteine and glutamic 
acid moieties ( Allen and Balin, 1989 ). Many enzymes contain 
sulfhydryl groups derived from side chains of cysteine. Sulfhydiyl 
groups influence interaction of neuro t ransmi t te rs with their 
recognition sites ( Sobrino and Del Castillo, 1972 ). Deficiency of 
total and free sulfhydryl groups causes accumulat ion of peroxides 
in various regions of brains ( Tappel, 1970 ). A slight increase in 
concentration of oxidised glutathione (GSSG) even in the presence 
of excess of glutathione (GSH) has effects of potential physiological 
importance ( Kosower and Kosower, 1974 ). 
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OTddative s t r e s s 
Molecular oxygen though presents a unique s t a tus for 
aerobic organisms yet due to biradical na ture it is prone to the 
formation of free radicals called as reactive oxygen species (ROS) 
upon single electron addition. Reactive oxygen species have been 
implicated in numerous diseases from neurological and cardiac 
disorders to diabetes, arthritis, AIDS and infertility. In 
pathophysiological conditions the balance between antioxidant 
reserve and ROS gets altered due to excessive production of ROS 
( Das, 2003 ). Brain t issue is known for its high content of 
polyunsaturated fatty acids and aerobic metabolism is the most 
vulnerable target for such peroxidative a t tack ( Tayarani et. ai, 
1989). 
Lipoic acid 
Alpha-lipoic acid (ALA) which is also known as thioctic 
acid was first isolated in 1951; chemically it is a sa tura ted fatty 
acid that has an unusua l ring s t ructure containing 2 sulfur atoms 
at one end of the molecule. Among all the major antioxidants only 
lipoic acid is ampiphillic. Earlier it was thought to be a vitamin of 
B-group due to its resemblance with biotin. It is found in food 
sources such as liver, brewer's yeast, potatoes and red meat. It is 
also produced in body. 
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It is a low molecular weight subs tance that is absorbed 
from the diet and crosses blood brain barrier. Lipoic acid forms 
antioxidant network with glutathione, coenzyme Quj, vitamin C 
and vitamin E to regenerate their antioxidant capacities after they 
have successfully neutralized free radicals ( Packer, 1997 ). 
Biewenga, 1997, has studied four antioxidant properties of lipoic 
acid. 
1. Its metal chelating capacity. 
2. Its ability to scavenge ROS. 
3. Its ability to regenerate endogenous antioxidants. 
4. Its ability to repair oxidative damage. 
In its primary form ALA fights hydroxyl and single oxygen 
free radicals while, in its converted form it combats peroxyl and 
peroxyl ni trates. Alpha Lipoic acid being a coenzyme of pyruvate 
and alpha-Ketoglutarate dehydrogenase has been used in Germany 
as an antioxidant and approved t rea tment for diabetic 
polyneuropathy for 40 years ( Patric, 2002 ). It ha s been used 
earlier as an antioxidant against mercuric chloride ( Varalakashmi, 
1998 ) and Cadmium ( Sumathi , 1994 ) induced toxicity. ALA has 
been found to improve antioxidant s ta tus in aged rat brain 
( Arivanzhagan et. al, 2002 ). 100 mg/kg body weight ALA 
improved long term memoiy of aged mice ( StoUs, 1993 ). Salazar, 
2000 suggested lipoic acid as a novel t reatment for depression. 
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Lipoic acid improves survival in transgenic mouse models of 
Huntington's disease ( Andreassen, 2001 ). Besides these, it has 
been shown to improve retinopathy and ototoxicity { Rybak, 1999 ). 
BEHAVIOUR 
A growing number of agents are known to per turb one or 
more of the interconnected processes of CNS. At the same time, 
there is an increase in the incidence of neurobehavioural disorders 
that are confronting clinicians with baffling symptoms and 
presentat ions tha t seem uncommon ( Walker, 2000 ). The use of 
neurobehavioural techniques in toxicology h a s increased 
dramatically over past several years. Neurobehavioural techniques 
used in animal behaviour toxicology measure functions similar to 
those in h u m a n s exposed to neurotoxic agents , including 
alterations in sensory, motor, autonomic and cognitive functions 
(Tilson, 1993 ). 
Neurobehavioural disorders of various intensit ies are well 
recognized among adverse health effects of exposure to mercury 
irrespective of dose. There are innumerous s tudies devoted to 
analyze the behavioural irregularities associated with mercury 
exposure ( Grandjean, 1999; Budtz Jorgensen, 2000 ). 
Ninomiya, 1995 reported that neurological disorders were 
detected 10 years later after the end of methyl mercury dispersion 
from Minamata. They concluded that people on coast of Shiranui 
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sea were affected by long term dietary exposure to low levels of 
mercury. The cognitive performance of children prenatally exposed 
to presumably 'safe' levels of methyl mercury was found impaired 
at 10 - 20 |j.g/gm maternal hair mercury. On six 
neuropsychological tes ts children showed decrements in areas of 
motor function, memory and language when exposed to mercury 
laced fish diet ( Grandjean, 1998 ). 
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Experimental design 
Male albino ra ts weighing 150 + 20 gm from Central 
Animal House, JN Medical College were used throughout the 
study. Animals were housed in air-conditioned room and had free 
access to pellet diet Hindustan Lever Ltd., Mumbai, India and 
water ad libitum. 
For various sets of biochemical s tudies different groups 
comprising six animals each were used. Animals from Group 1 
served as control while, animals of Group II, III and IV were used 
as experimental sets . Group II animals were given 1 mg/kg body 
weight Methyl mercury Chloride (MeHgCl). Animals of Group 111 
received 35 mg/kg body weight Alpha Lipoic Acid. Group IV 
animals were given 1 mg/kg body weight MeHgCl and 35-mg/kg 
body weight Alpha Lipoic Acid. All groups were t reated once a day 
each for seven days intraperitonially. On eighth day the animals 
were tested in Y-maze, photoactometer and Rota rod. The animals 
were sacrificed later on the day by cervical dislocation and 
immediately the brains were taken out on ice and separated into 
cerebrum, cerebellum and brain stem. The brain parts were 
measured to the nearest mg on Shimadzu A200 digital balance and 
later processed for the assay of lipid peroxidation, total and free 
sulfhydryl groups, nucleic acids, protein, superoxide dismutase. 
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glutathione s-transferase, glutathione reductase , and monoamine 
oxidase. Beckman DU 640B spectrophotometer was used for 
taking optical density. Blood was taken out for estimation of 
bilirubin, creatinine and alanine amino transferase. 
Chemicals 
Methyl mercury chloride, alpha lipoic acid and BSA 
(bovine serum albumin) used in the study were purchased from 
SIGMA Chemical Co., USA. NADPH, DTNB ( Dithio bisnitro benzoic 
acid ), TBA ( Thiobarbuturic acid ), DNA { Deoxyribonucleic acid ), 
RNA ( Ribonucleic acid ), TCA (Trichloroacetic acid ), GSH used in 
the study were obtained from SRL, India. Rest of the chemicals 
were of analytical grade. Kits manufactured by Techno Pharmchem 
was used for the estimation of creatinine and bilirubin. 
ESTIMATION OF RATE OF LIPID PEROXIDATION 
The method of Utley et. at, (1967) was used for the 
estimation of the amount of malonaldialdehyde formed per 30 min. 
during lipid peroxidation. 
Principle 
TBA reacts with lipid peroxide, hydroperoxides and oxygen 
labile double bonds to form colour products . 
Chemicals and reagents 
1) 0.15 M KCl: 2.2368 g. KCl dissolved in 200ml. DDW 
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2) 10% (w/v) Trichloroacetic acid (TCA): lOgm TCA 
dissolved in 100ml DDW 
3) 0.67% 2-Thiobarbituric acid (TBA): This was prepared 
by dissolving 0.67gm of TBA in25-50 ml. DDW by 
adding two pellets of NaOH. The pH of the solution was 
adjusted to 7.2 with the help of 1 N HCl and the 
volume was made upto 100ml. with DDW. 
Procedure 
Brain par ts - cerebellum, cerebrum and brain stem were 
separated and homogenized (10%w/v) in chilled 0.15 M KCl. 1ml. 
of each homogenate was taken in a 25ml. conical flask and 
incubated at 37±1°C in a metabolic shaker (120 s t rokes/min. , 
amplitude 1 cm.) for 1 hour. Then, 1.0 ml. of the same homogenate 
was pipetted in centrifuge tube, and protein was precipitated by 
adding 1.0 ml. of 10% TCA. After incubating 1.0 ml. of 10% TCA 
was added to each sample and both incubated as well as non-
incubated samples were centrifuged at 3000 r.p.m. for 10 min. 
1ml. of the clear superna tan t was mixed with 1.0 ml. of 0.67% TBA 
and 1.0ml. DDW and the tubes were placed in a boiling water bath 
for 10 min., cooled and absorbance was measured at 535 nm. 
Calculation 
The following formula was used to est imate Lipid 
peroxidation 
jKai<2riaI.s ojnJ n-<-tJi')<^\ 
OD X 30 X 1000 X 1000 x 1000 x 3 x 2 
X = —^  
1.56 x 100000 X 100 X 180 
O D x 10 
or X = 
1.56 
Where, 
X = nanomoles of malondialdehyde formed 
per 30 mins. 
OD = change of optical density at zero hour 
and 2 hour incubation of the sample. 
Isolation of Nucleic Acids 
The method of Searchy and Macinnis (1970) was used for 
the isolation of nucleic acids. Different brain regions were weighed 
and homogenized in 5.0 ml of 0.5 N perchloric acid. The 
homogenates was heated at 90°C in boiling water ba th for 10 min., 
cooled and centrifuged at 3,000 rpm for 10 min. Supernatants 
were taken in graduated test tubes and the volume was 
maintained upto 5.0 ml. with 0.5 N perchloric acid. This extract 
was used in the estimation of DNA and RNA. 
ESTIMATION OF DNA 
DNA was estimated following the method of Burton (1956). 
Principle: Deoxyribose is converted into highly reactive hydroxy 
vulaldehyde, which react with diphenylamine (DPA) to give a blue 
coloured complex. 
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Deoxyribose sugar + DNA ^ hydroxy vulaldehyde. 
Chexaicals and reagents 
Diphenylamine reagent: 1.5 gm diphenylamine was 
dissolved in about 50-60 ml glacial acetic acid. 1.5 ml cone. H2SO4 
was added to it and the final volume was made upto 100 ml. with 
glacial acetic acid. 
Procedure 
2.0 ml of the perchloric acid superna tan t of nucleic acid 
extract was taken in a test tube. To this 4.0 ml. diphenylamine 
(15% in CH3COOH-H2SO4) reagent was added and the tubes were 
heated on boiling water bath for 15 min. After cooling, the colour 
intensity was measured at 600nm. against a blank sample (2.0 ml 
DDW in place of supernatant) . A s tandard curve was prepared by 
using s tandard solution in 0.5 NHCIO4 (100-600|Lig) according to 
the procedure described. The values were plotted by the least 
square method. 
Calculation 
DNA = C x V / V t x W t 
Where, 
C = Cone. In mg. (in 20 ml. extract) 
V = Total volume of the extract (4.0 ml) 
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Vt = Volume taken for the estimation 
Wt = Fresh weight of the brain in mg. 
DNA in the reaction product was calculated using the standard 
curve of DNA that was run simultaneously with the test sample. 
Results were expressed as mg. DNA/ gm fresh t issue weight. 
ESTIMATION OF RNA 
RNA was estimated by the method of Dische (1955). 
Principle 
Pentose sugars are converted to furfural derivatives by 
heating with cone. HCl. In the presence of FeC13 solution the 
furfural derivatives react with oricinol and procedure a green 
coloured complex. 
Chemicals and reagents 
Orcinol reagent: 33.0 mg. Ferric chloride was dissolved in 
about 50 ml cone. HCl, 3.5 ml. 6% orcinol (dissolved in absolute 
alcohol) was mixed with it and the volume was made upto 100 ml. 
with HCl. 
Procedure 
2.0 ml. of the superna tan t of nucleic acid was taken in 
test tubes. 4.0 ml. of the orcinol reagent was added to it. Test 
tubes wee heated in boiling water bath for 15 min., cooled and the 
absorbance was read ai; 660nm against a reagent blank. 
Calculation 
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RNA = C x V / V t x W t 
Where, 
C = Cone. In mg. (in 20 ml. extract) 
V = Total volume of the extract (4.0 ml) 
Vt = Volume taken for the estimation 
Wt = Fresh weight of the brain in mg. 
RNA content in the samples was calculated using the 
s tandard curve. The results were expressed as mg. RNA/gm fresh 
tissue weight. 
ESTIMATION OF PROTEIN 
Protein estimation was done by the method of Lowry et al, 
(1951). 
Principle 
This method is based on the colour reactons of amino 
acids - tryptophen and tyrosine with Folin phenol reagent. Due to 
the reaction of these amino acids with phosphomolybdic acid and 
phosphotungstic acid (present in Folin's reagent) a blue is formed. 
The colour is the result of reduction of phosphomolybdic acid and 
biuret reaction of proteins with Cu ions in alkaline medium 0 . D. 
was read at 625 nm. 
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Chemicals and reagents 
1. Standard solution: A s tandard solution of 1.0 mg. 
BSA/ml. was prepared. Stock s tandard was diluted 
ten times to get the working s tandard of 100|j.g/ml. 
2. Copper reagent 
Reagent A: 4.0% Sodium Carbonate in DDW. 
Reagent B: 2.0% Copper sulphate in DDW. 
Reagent C: 4.0% (w/v) Sodium potass ium tar tara te in 
DDW. 
Alkaline Copper Reagent: 1.0 ml. of reagent B + 1.0 ml. of 
reagent C + 48 ml of reagent A were mixed in 
the same sequence. 
3. Folin - Ciocalteau Phenol reagent: 2 N solution obtained 
commercially was diluted 1:1 with DDW before use. 
Procedure 
The supernatant was taken for nuclei acid estimation and 
the residue left in the test tubes were dissolved in 5.0 ml. of DDW. 
1.0 ml. of the aliquot was taken in the test tubes from this solution 
and the volume was increased upto 1.0 ml. with DDW. To this, 5.0 
ml. of Copper reagent was added and shaken thoroughly on a 
cyclo-mixer. After 10 min., 1.0 ml. of Folin-Ciocalteau reagent was 
added. Blue colour was developed. C D . was read at 625 nm 
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exactly after 30 minutes. Standard protein solution (BSA 20 -
100|j.g) and blank were run simultaneously. 
Calculation 
Protein in the samples was calculated using the standard 
curve of BSA and the results were expressed as mg/g . weight of 
wet t issue. 
ESTIMATION OF TOTAL SULFHYDRYL GROUPS (TSH) 
Total sulfhydryl group was estimated according to the 
method of Sedlack and Lindsay (1968). 
Principle 
5-5' dithoibis - 2 nitrobenzoic acid (DTNB) is reduced by -
SH groups of glutathione (GSH) in alkaline medium to produce 1 
mol. of 2 nitro - 5 mercaptobenzoic acid per mole of -SH group. 
The anion (2 nitro - 5 mercaptobenzoic acid) h a s an intense yellow 
colour which is used to measure -SH group at 412 nm. 
Chemicals and Reagents 
Standard Solution: A s tandard solution of 2 x 10 "^ M of 
GSH was prepared by dissolving 6.146 mg. GSH in 10 ml. of 0.02 
M. EDTA. 
1. 0.15 M. KCL. 
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2. 0.2 M tris buffer in 0.02 M EDTA, pH 8.2. 
3. 0.01 M DTNB: 0.01 M solution of DTNB was prepared 
by dissolving 99 mg. DTNB in 25 ml. of absolute 
methanol. 
4. Absolute methanol. 
Procedure 
Different par ts of the brain were homogenized in chilled 
0.15 M KCL and the volume was adjusted to give a 10% w/v 
homogenate. 1.5 ml. 0.2 m tris EDTA buffer and 0.1 ml. DTNB 
were added. The mixture was shaken and made to 10 ml. with 8.3 
ml. of absolute methanol. The reaction mixture was centrifuged at 
6000 rpm for 5 min. in cold. The absorbance of the clear 
superna tan t was read in cold. The absorbance was read at 412 
nm. A calibration curve with different concentrat ions of GSH 
(61.46 - 491.68) was obtained according to the same procedure as 
described above. 
Calculation 
Total -SH group in the samples were calculated using the 
calibration curve and the results were expressed as ^ moles/g. 
t issue. 
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ESTIMATION OF FREE SULFHYDRYL GROUPS (GSH) 
Free sulfhydryl group was est imated by the method of 
Ellman (1959) modified by Sedlak and Lindsay (1968). 
Procedure 
Same as for total sulfhydryl group est imation. 
Chemicals and Reagents 
1. Standard solution: A s tandard solution of 2 x 10 -^  M of 
GSH was prepared by dissolving 6.146 mg. of GSH in 
10 ml. of 0.02 M EDTA 
2. 0.015 M EDTA 
3. 10%TCA 
4. 0.4 M tris buffer in 0.2 M EDTA, pH - 8.9 
5. 0.01 M DTNB. 
Procedure 
Brain par ts were homogenised (10% w/v) in chilled 0.015 
M KCL. 1 ml. brain (10%) homogenate was deproteinized by adding 
1 ml. of 10% TCA and centrifuged at 6000 rpm for 5 min. 0.5 ml. 
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aliquot from clear supernatant was mixed with 0.5 ml DDW. Then, 
2 ml., 0.4 M tris buffer and 0.1 ml. DTNB were added to it with 
proper stirring. The absorbance was read within 5 mins of the 
addition of DTNB at 412 nm. A calibration curve with different 
concentrations of GSH (61.46 - 491.68 |j.g) was drawn by the 
procedure described above. 
Calculation 
Free -SH (GSH reduced) in. the samples were calculated 
using the s tandard curve of GSH and the resul ts were expressed as 
y, moles/g. t issue. 
ESTIMATION OF GLUTATHIONE REDUCTASE (GR) 
Glutathione reductase was assayed by the method of 
Hazelton and Lang (1985). 
Principles 
Glutathione reductase (GR) catalyzes the reduction of 
oxidized glutathione (GSSG) by NADPH to reduce glutathione 
(GSH) according to the following equation 
GR 
GSSG + NADPH + H • NADP+ + GSH 
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The activity of the enzyme was measured by following the 
decrease in optical density per minute at 340 nm during oxidation 
of NADPH. 
Chemical and reagents 
1. 0.1 M tris HCl buffer (pH 8.0) 
2. 1.0 mM EDTA 
3. 13.0 mM GSSG 
4. 0.1 mM NADPH 
Procedure 
The reaction mixture consisted of 0.1 ml. of 1.0 mM 
NADPH, 0.2 ml. of 3.0 mM GSSG, 0.1 ml. of 1.0 mM EDTA, 2.5 ml 
of 0.1 M tris - HCl buffer (pH 8.0) and 0.1 ml t issue supernatant 
{10°a w/v in tris HCl buffer, enzyme source) in a total volume of 
3.0 ml. The reaction was initiated by the addition of tissue 
supernatant . Oxidation of NADPH was followed at 340 nm. 
Reference reaction was also run simultaneously. Protein content in 
enzyme source was also determined (Lowry et. ai, 1951). Increase 
in oi^tical dens i ty /minute was deduced. 
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Calculation 
Enzyme activity was calculated using the molar extinction 
coeffficient of NADPH (6.22 x 10-^  M-i cm-^) and results were 
expressed as n mole of NADPH oxidized/min. /mg protein. 
EiSTIMATION OF SUPEROXIDE DISMUTASE (SOD) 
SOD activity was measured by the method of Marklund 
and Marklund (1974). 
Principle 
SOD principle depends upon auto-oxidation of pyrogallol. 
Auto-oxidation 
Pyrogallol + O2 oxidation product + O2 (i) 
SOD 
2O2- + 2W • O2 + H2O2 (11) 
Procedure 
Different CNS par ts (cleaned with normal saline) were 
homogenized in chilled 0.15 M KCl (10% w/v). Homogenate was 
centrifuged in cold at 10,000 rpm for 15 min. 0.05 ml of clear 
superna tan t was added to 2.85 ml of 0.05 M Tris-succinate buffer 
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(pH 8.2), mixed well and incubated at 25^0 for 20 minutes. The 
reaction was started by adding 0.1 ml of 8 mM pyrogallol solution. 
The content were shaken well and change in OD/minute was 
immediately recorded for 3 minutes at 420 nm. A reference set 
consisting of 0.05 ml of DDW instead of the sample solution (clear 
supernatant) was also run similarly. 
Calculation 
(A/min. ref. - A/min. sample) x 30 
SOD = units/ 10 mg tissue 
(A/min. ref./2 x 0.05 x 1) 
Where, 
A/min. ref. = change of OD/min in ref. Set 
A/min sample = change of OD/min in sample set. 
Activity unit 
One unit of the enzyme is defined as the amount of 
enzyme which causes a 50% inhibition of pyrogallol auto-oxidation 
under assay conditions. 
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ESTIMATION OF GLUTATHIONE S-TRANSFERASE (GST) 
Glutathione S-transferase (GST) activity was assayed by 
the method of Habig et. al, 1974. 
Principle 
The enzyme activity was measured by following the 
increase of absorbance at 340 nm of CDNB - GSH conjugate 
generated as a result of GST catalysis between glutathione and 1-
chloro-2, 4-dinitrobenzene (CDNB). 
GST 
CDNB + GSH • CDNB - GSH (conjugate product) 
Procedure 
In 0.1 ml of cytosol fraction (supernatant) (10%w/v in 0.15 
M KCl), 2.7 ml of 1.0 mM glutathione solution (prepared in 0.2 M 
Phosphate buffer) and 0.2 ml CDNB (1.0 mM) subs t ra te prepared 
in acetone were mixed. The change in absorbance at 340 nm was 
recorded at room temperature after 15 seconds each for 3 minutes 
against a blank containing 0.1 ml DDW in place of supernatant . 
Protein content in enzyme source was also determined. 
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Calculation 
OD X 625 
GST activity = 
(U/mg/min/protein) cone, of protein 
The values were calculated on the basis of molar 
extinction coefficient of CDNB (9.6 x 10^ M-' x cm"') and specific 
activity of enzyme was expressed in n mole of GSH-CDNB 
conjugate formed/min/mg protein. 
ESTIMATION OF MONOAMINE OXIDASE (MAO) 
MAO activity was determined by the method of Tabor et. 
al, 1953. 
Principle 
Benzyl amine undergoes oxidative deamination in the 
presence of MAO and benzadehyde is formed. 
R-CH2 CH2 NH2 + O2 + H2O —• R-CH2CHO + H2O2 + NH3 
Procedure 
The reaction mixture in a final volume of 2.0 ml consisted 
of 0.4 ml of 0.5 M Phosphate buffer (pH 7.2), 0.1 ml of M 
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benzylamine hydrochloride and 0.2 ml of brain homogenate (10% 
w/v m Phosphate buffer). The reaction mixture was incubated at 
370c for 30 minutes . The reaction was stopped by the addition of 
1.0 ml of 10% TCA (proteins were precipitated). The above reaction 
mixture was centrifuged at 2,500 rpm for 10 minutes in cold. The 
optical density of benzaldehyde formed was read in the 
superna tan t at 25 nm against the blank containing 0.2 ml of 0.44 
M sucrose instead of brain supernatant . Protein concentrations 
were also determined by the method of Lowry e t al., 1951. 
Calculation 
Activity of MAO was estimated using the formula 
15.385 X OD/min 
Protein cone, (mg) 
The activity of MAO was expressed as n moles 
benzaldehyde formed/min/mg protein. 
BEHAVIOURAL EXPERIMENTS 
Y- Maze tes t 
A y-shaped three-arm wooden maze was selected. The rat 
was placed at the center of the maze; consecutive alteration and 
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errors traversed by the rat were noted. One alteration was counted 
when the rat successfully traverses all three a rms of Y-maze. If a 
rat entered the same arm again it was considered as an error. The 
activity of rat was noticed for a period of eight minutes . 
Rotarod tes t 
The rota rod was rotated at 10 rpm and the animal was 
placed at the rotating rod. The time was noticed till the animal was 
able balance it self on the rod. The maximum allocated time for 
observation was slotted at 300 seconds i.e., 5 minutes . The activity 
was repeated six times after a gap of 10 minute for each rat taken. 
Photoactometer tes t 
Digital photoactometer from Techno was used. The 
animal was placed inside the photoactometer for a period of one 
hour, the readings on the display were noted after every 15 
minutes thus taking 4 readings in all during the test period. 
Observation for one rat was taken at a time. 
ESTIMATION OF BILIRUBIN 
The method by Malloy and Evelyn was used for the 
quantitative determination of bilirubin in serum. 
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Principle 
Direct: Conjugated bilirubin couples with diazotized, 
Sulfanilic Acid forming Azobilirubin. A red purple coloured product 
was found in acidic medium. 
Indirect: Unconjugated bilirubin is diazotized only in the 
presence of its dissolving solvent the red purple coloured 
Azobilirubin produced in presence of methanol originated from 
both direct and indirect fractions and t h u s represents total 
bilirubin concentration. The difference of total and direct bilirubin 
gives indirect (unconjugated) bilirubin. 
The intensity of red-purple colour so developed was 
measured colorimetrically at 540 nm and it was proportional to the 
concentration of the appropriate fraction of bilirubin. 
Reagents 
Kit supplied by Techno Pharm Chem was used. 
Calculations 
Bilirubin concentration in mg/dl : 
O.D.T.i -0 .D.T.2 
Total (A) = X 10 
O.D. of s tandard 
O.D.D.' -0 .D .D.2 
Direct (B) = x 10 
O.D. of s tandard 
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Indirect = (A) - (B). 
ESTIMATION OF ALANINE AMINO TRANSFERASE (ALT) 
The method by Reitman and Frankel, 1957 was used for 
estimation of ALT (SGPT). 
Principle 
Pyruvate produced by t ransaminat ion of GPT reacts with 
2,4-dinitrophenylhydrazine (DNPH) to give a brown coloured 
hydrazone which is measured at 510 nm. 
Reagents 
1. Phosphate buffer pH 7.4 
2. GPT substra te - 200mM alanine and 2Mm oc 
Ketoglutarate 
3. Stock pyruvate s tandard - (200 mM) 220 mg 
sodium pyruvate per 100 ml in phosphate buffer. 
4. Working pyruvate s tandard - (4 mM ) Dilute stock 
s tandard 1 in 5 with phosphate buffer. 
5. 2,4 -dinitrophenylhydrazine IMm- dissolve 19.8 mg 
of dinitrophenylhydrazine in 10 ml HCl and make 
100 ml with water keep in brown bottle. 
6. 0.4 N NaOH. 
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Procedure 
Warm 0.5 ml subst ra te in a water ba th at 37 °C for 3 min, 
add 0.1 ml serum, mix gently and incubate for 30 minutes exactly. 
Remove tubes from bath immediately add 0.5 ml of DNPH solution 
and mix well. Keep at room temperature for 20 minutes , then add 
0.4 N NaOH ,leave further for 10 minutes finally read at 510 nm. 
Run control (C), s tandard (S), blank (B) subsequent ly. 
Calculation 
T- C 
X 0.4 |j mole for 0.1 ml se rum 
S-D 
ESTIMATION OF CREATININE 
Alkaline Picrate method is used for quantitative 
determination of creatinine in serum. 
Principle 
Creatinine reacts with alkaline picrate and produces red 
coloured complex which is measured at 520 nm. 
Reagent 
Kit manufactured by Techno Pharmchem was used. 
Calculation 
OD Test - OD Blank 
Serum creatinine = x 3 mg/dl . 
OD Standard - OD Blank 
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Statistical analysis 
The level of significance between different groups was 
based on Student 's T-test. The level of significance was chosen as 
p< 0.05 and p< 0.01. 
CHAPTER I 
ALTERATION OF REDOX STATE BY METHYL 
MERCUR Y CHLORIDE 
C^J/e/rj/i'jn of n'f/o.x s/aJe 6u ineZ/jryJ/nerx-tiry cnlonrh 
Introduction 
In animal t issue largest amount of lipids occur in brain 
followed by liver, pancreas, heart muscles, diaphragm and neck 
muscles ( Bloor, 1943 ). In brain, the lipids account for half of the 
dry weight and most of the s t ructural architecture of membranes 
in brain ( Oordy & Kaack, 1975 ). Myelin shea ths and neuropil of 
gray mat ter account for much of total lipid of brain tissue. 
Mammalian cell membrane comprise of lipid bilayer as described 
in fluid mosaic model by Singer 85 Nicolson in 1972. Proteins with 
important cellular functions like receptors, t ranspor ters and 
enzymes are embedded in lipid bilayer. Membrane lipids can 
influence function of certain membrane protein e.g., when human 
erythrocyte membranes were exposed to phospholipase A2, which 
hydrolyses fatty acyl groups from glycerophospholipids, glucose 
t ransport has reduced by 7 5 % ( Kahlenberg & Bango, 1972 ). In 
addition, Na"^ , K"^  ATPase activity of erythrocyte was decreased. 
Important lipids of Central Nervous System (CNS) are 
cerebrosides, phospholipids, chloestrol, lecithin, spingomyelin & 
cephalin ( Johnson et. al., 1948 ). Lipids besides being major 
components of all membranes are essential component of several 
crucial enzyme systems, include a potent class of hormones and 
have been implicated in cellular t ransport of some compounds. 
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Sulfhydryl groups play pivoted role in many important 
enzymes by acting on active site ( Hoch 8& Vallee, 1959 ). There are 
two major types of sulfhydryl groups viz. protein bound (PB) and 
non-protein bound (NPB). NPB sulfhydryl group h a s got a vital role 
in cellular detoxification against free radical mediated damage 
( Chio 8& Tappel, 1969 ). Glutathione comprises of glycine, cysteine 
and glutamic acid. It has been implicated in a wide variety of 
biological functions like, maintenance of cell membranes , 
destruction of metabolic peroxides and free radicals, removal of 
H2O2, maintenance of thiol group of enzymes and proteins, control 
of redox s ta tus , disulfide exchange reactions and t ransport of 
amino acids, peptides across membranes ( Hazelton 85 Lang, 
1980 ). Many enzymes contain sulfhydryl groups derived from side 
chain of cysteine. Deficiency of total and free sulfhydryl groups 
causes accumulation of peroxides in various regions of brain 
( Tappel, 1970 ). Sulfhydryl groups influence interaction of 
neurotransmit ters with their recognition sites { Sobrino & Del 
Castillo, 1972 ). Slight increase in concentration of oxidized 
glutathione (GSSG) even in presence of excess glutathione (GSH) 
has effects of potential physiological importance ( Kosower & 
Kosower, 1974 ). 
Lipid peroxidation is a basic deteriorative reaction that is 
mvolved in many disease processes and chemical toxicities ( Tappel 
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& Dillard, 1981 ). Estimation of thiobarbituric acid reactive 
subs tances (TBARS) is considered as an important biomarker in 
the study of free radical induced damage. Lipid peroxidation 
irreversibly damage brain cells by degeneration of phospholipids 
comprising cellular membrane ( Demopoulos, 1979 ). Lipid 
peroxidative events are hazardous, since lipoperoxy radicals 
initiate oxidative chain reactions ( Freeman & Crapo, 1982 ), 
damage membrane bound enzymes as well as membranes ( Buso Ss 
Gibson ). 
Mercury is a neurotoxic compound producing pronounced 
neurobehavioural deficits. Grandjean e t al., 1999 showed that 
methyl mercury produced deficits in motor function, attention and 
visuospatial performance. Fish eating adult population performed 
poorly on tests requiring cognitive flexibility, word naming, 
auditory recall and more complex motor tasks ( Mergler, 1998 86 
Lebel, 1998 ). Prenatal exposure to mercury caused alteration in 
both learned and spontaneous behaviour ( Frediksson, 1996 ) 
while short term exposure to mercury during suckling caused 
permanent changes in locomotor activity in ra ts ( Rocha, 2001 ). 
The present experiment was designed to s tudy the effect of 
low dose of methyl mercury toxicity on motor function and memory 
of ra t s . Its relationship to lipid peroxidation and thiol groups. In 
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addition, antioxidant effect of alplm;J||[p^5^Lal'td ^^^rinst methyl 
mercury toxicity was also tested. ^/ / - O / p ? ^ > 
Protocol * 
For various sets of biochemiSii^fetji^le* different groups 
comprising six animals each were used. Animals from Group I 
served as control while, animals of Group II, 111 and IV were used 
as experimental sets. Group II animals were given Methyl mercury 
Chloride (MeHgCl) 1 mg/kg body weight. Animals of Group III 
received Alpha Lipoic Acid 35 mg/kg body weight. Group IV 
animals were given MeHgCl 1 mg/kg body weight and Alpha Lipoic 
Acid 35-mg/kg body weight. All groups were t reated once a day 
each for seven days intraperitonially. On eighth day the animals 
were tested for Y-maze and Rota rod tests . The animals were 
sacrificed later on the day by cervical dislocation and immediately 
the brains were taken out on ice and separated into cerebrum, 
cerebellum and brain stem. The brain par ts were later processed 
for the assay of lipid peroxidation, total sulfhydryl groups and free 
sulfhydryl groups as described in detail in Materials and Methods. 
Result 
The effect of methyl mercury and Alpha lipoic acid on 
levels of Thiobarbituric acid reactive subs tances is shown in Table 
5. Methyl mercury exposure significantly increased rate of lipid 
peroxidation in studied brain par ts in the order cerebrum > 
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cerebellum > and brain stem. The neuroprotection conferred by 
Alpha lipoic acid given in combination with methyl mercury was 
highest in cerebrum at 31.39% in comparison to control at 
p < 0.05 The decrease in lipid peroxidation due to protection by 
Alpha lipoic acid followed the order cerebrum > cerebellum > and 
brain stem. 
The alteration of total sulfhydryl groups on exposure to 
methyl mercury and Alpha lipoic acid individually as well as in 
combination is summarized in Table 7. Highest toxicity of methyl 
mercury induced damage to total sulfhydryl group was observed in 
cerebrum at p < 0.05. Methyl mercury depleted total sulfhydryl 
groups in exposed ra ts in given order cerebrum > cerebellum > and 
brain stem. Alpha lipoic Acid protected ra t s against methyl 
mercury induced injury to total sulfhydryl groups. Highest 
protection was seen in cerebellum 30.88%. The observed trend for 
restoration of total sulfhydryl groups on exposure to alpha lipoic 
acid is cerebellum > cerebrum > and brain stem. 
The alteration of sulfhydryl groups on exposure to methyl mercury 
and Alpha lipoic acid individually as well as in combination is 
summarized in Table 6. The observed order for sulfhydryl damage 
when exposed to methyl mercury toxicity is cerebrum > cerebellum 
> brain stem. Alpha lipoic acid protected brain against methyl 
mercury induced depletion of sulfhydryl groups. 
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TABLE 5. 
Alteration of rate of lipid peroxidation (LPO) in different regions of rat central 
nervous system following methyl mercury (Img/kg b. wt) and oc-lipoic acid 
(35mg/kg b.wt) intoxication i.p. individually as vt'ell as in 
combination for seven days. 
Brain regions 
Cerebellum 
Cerebrum 
Brain stem 
Control 
3.53 ±0.009 
3.95 ±0.271 
2.84 ±0.013 
MeHg treated 
4.35 ±0 .042* 
(+23.22%) 
4.92 ±0.13* 
(+24.55%) 
3.42 ±0.012* 
(+ 20.42%) 
MeHg + ALA 
2.63 + 0.011* 
(- 25.49%) 
2.71 ±0.01** 
(-31.39%) 
2.21 ±0.029* 
(-22.18%) 
ALA treated. 
2.42 ±0.032** 
(-31.44%) 
2.55 ±0.04* 
(-35.44%) 
1.95 ±0.04* 
(-31.33%) 
Values expressed as n moles of malondialdehyde/30 min. are mean of ± S.E. of 
six animals. 
Figures in parentheses indicate change compared to controls. 
* p < 0 . 0 5 p<0.01 
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TABLE 6. 
Alteration of free sulfhydryl group (GSH) in different regions of rat central nervous 
system following methyl mercury (Img/kg b. wt) and oc-lipoic acid (35mg/kg b.wt) 
intoxication i.p. individually as well as in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Brain stem 
Control 
5.52 ±0.031 
5.35 + 0.033 
4.83 10.26 
MeHg treated 
3.71 ±0.033* 
(-32,78%) 
3.62 ±0.031* 
(- 32.33%) 
3.14 ±0.024* 
(- 30.84%) 
MeHg + ALA 
7.35 ±0.038* 
(+33.15%) 
7.05 ±0.017* 
(+31.77%) 
6.14 + 0.017** 
(+27.12%) 
ALA treated. 
7.58 ±0.029* 
(+37.31%) 
7.22 ±0.025^^* 
(+ 34.95%) 
6.25 ±0.037** 
(+ 29.39%) 
Values expressed as |i mole/g tissue are mean of ± S.E. of six animals. 
Figures in parentheses indicate change compared to controls. 
*p<0.05 p<0.01 
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TABLE 7. 
Alteration of total sulfliydryl group (TSH) in different regions of rat central nei-vous 
system following methyl mercury (Img/kg b. wt) and oc-lipoic acid (35mg/kg b.wt) 
intoxication i.p. individually as well as in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Brain stem 
Control 
9.81 ±0.04 
9.24 ± 0.027 
8.7 ± 0.044 
MeHg treated 
7.47 ± 0.042* 
(-28.85%) 
7.45 ±0.022* 
(-19.37%) 
7.21 ±0.043** 
(-17.12%) 
MeHg + ALA 
11.84 ±0.038* 
(+ 30.88%) 
1.53 ±0.026* 
(+ 24.78%) 
10.59 ±0.033* 
(+21.72%) 
ALA treated. 
13.81 ±0.036* 
(+ 40.77%) 
12.48 ±0.044** 
(+35.06%) 
11.58 + 0.024* 
(+33.1%) 
Values expressed as i^  mole/g tissue are mean of ± S.E. of six animals. 
Figures in parentheses indicate change compared to controls. 
p < 0.05 p<0.01 
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TABLE 8. 
Effect of methyl mercury (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by Y-maze test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
Alterations 
4.83 ±0.16 
1.16±0.33* 
(75.98%) 
3.46 ±0 .3* 
(28.. 3 6%) 
Values expressed are alterations per 8 mmutes by a rat. Values given are mean of 
± S.E of six animals. 
Figures in parentheses indicate change compared to control. 
*p<0.05. 
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TABLE 9. 
Effect of methyl mercury (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by 
Rota rod test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
% error 
2 
6* 
(- 200%) 
1* 
(+ 50%) 
Values expressed are % error (fall) by rats on Rota rod at 10 rpm before 
completion of 300 seconds. Values given are mean of ± S.E of six animals. 
Figures in parentheses indicate change compared to control. 
*p<0.05. 
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Highest restorative effect was seen in cerebellum, 33 .15% (p < 
0.05). The improvement in sulfhydryl group followed the order 
cerebellum > cerebrum > brain stem. 
The effect of methyl mercury on motor activity is shown in 
Table 9. 200% motor activity decline was observed in methyl 
mercury intoxicated rats as compared to control. Alpha lipoic acid 
offered protection against methyl mercury induced decline in motor 
activity by 50% as compared to control. The effect of methyl 
mercury on memory as tested by Y-maze test is shown In Table 8. 
Methyl mercury fed rats demonstrated a decline of 75 .98% memory 
compared to control. But when mercury intoxicated ra t s were given 
alpha lipoic acid significant improvement in memory was noted at 
28.36% in comparison to control (p < 0.05). 
Discussion 
There are numerous studies which suppor t that transition 
metals induce "oxidative stress" ( Venarucci, 1999 and Samson, 
2000 ). This is supported by increased levels of thiobarbituric acid 
reactive substances (TBARS) in our study on neuronal tissue of 
methyl mercury intoxicated rats. Works done by various groups 
indicate that mercury generates high level of reactive oxygen 
species (ROS) and oxidative stress ( Hussain et. al, 1998 ). Kim et. 
al, 2000 reported high concentration of TBARS in methyl mercury 
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dosed ra ts Mehboob et. al, 2001 reported high rate of lipid 
peroxidation in brain par ts of mercuric chloride t reated ra ts . They 
also found high value of malondialdehyde (MDA) in kidney, testes 
and epididymus. Enhanced LPO in liver was reported by Lin, 1996 
in methyl mercury chloride intoxicated ra ts . Sarafian & Verity in 
1991 reported that methyl mercury induced a concentration 
dependent increase in membrane lipid peroxidation and rapid 
decline in reduced glutathione in cerebrellar neuronal preparation. 
Transition metals such as mercury, cadmium and lead 
deplete cell's major antioxidants particularly thiol containing 
antioxidants, enzymes and produce increased ROS ( Ercal et. al, 
2001 ). In this s tudy MMC decreased total and free sulfhydryl 
groups in the examined brain parts . The sulfhydryl group of 
cysteine is the catalytic centre of glutathione. Reduced glutathione 
acts as sulfhydiyl buffer and protects cells from oxidative damage. 
The sulfhydryl (SH) group of cysteine can easily replace its 
hydrogen (H) to mercury (Hg) under basic conditions since mercury 
has affinity for a variety of functional groups namely, -SH, -CONH2, 
-NH2, -coon, -PO4 ( Hayes, 1983 ). Watanabe et. al, 1998 
reported that methyl Hg is carried with glutathione and 
transformed into mercury-cysteine in brain. Deficiency of total and 
free sulfhydryl groups causes accumulation of peroxide in various 
regions of brain ( Tappel, 1970 ). Mercury alters permeability of 
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cellular membrane by binding to -SH radical ( Bapu, 1994 ). 
Mercury by damaging sulfhydryl group dis turbs molecular function 
of amino acid and alters associated enzyme processes ( Markovich 
et. al, 1999 ). It also inhibits glucose transfer and up take ( Boadi 
et. al, 1992 ) and causes mitochondrial release of calcium ( Goyer, 
2003 ). Cells maintain very low calcium level by energy dependent 
metabolism, any change in calcium level triggers phospholipases 
(membrane phospholipids degrading enzymes), proteases (enzymes 
which breakdown membrane and cytoskeletal proteins), ATPases 
(hasten ATP depletion) and endonucleases (enzymes for chromatin 
fragmentation). 
The behavioural experiments in this s tudy demonstrated 
decline in motor and memory functions. Earlier resul ts by various 
groups also demonstrate deficit in motor coordination in rotarod 
and learning disability in MMC exposed ra t s ( Sokomoto, 2002 86 
Liu, 2001 8& Letzky, 1998 ). There is a growing evidence that metal 
induced free radical s t ress may lead to Alzheimer's disease (AD) 
and Parkinson's disease (PD) ( Olanow 85 Arendash, 1994 ). AD and 
PD are two very important deteriorative disorders affecting nervous 
system mainly in aged population leading to serious sociological 
and economical concerns. Parkinson's is a neuronal disease 
characterized with interface in normal motor activity, resting 
tremor, bradykinesia and poverty of facial expression. Alzheimer's 
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disease leads to memory loss initially but in latter stages all 
aspects of mental functions and personality development are 
affected. Increased levels of reactive oxygen species damage lipids, 
proteins and DNA of patients with Alzheimer's disease, Parkinson's 
disease and Amyotropic lateral sclerosis (ALS) at least in early 
disease progression ( Halliwell, 2001 ). ROS leads to increased lipid 
peroxidation and alter protein thiol groups ( Haulica, 2000 ). 
Increased lipid peroxidation has been associated with Alzheimer's 
disease ( Benzi Ss Moretti, 1995 ) while, Parkinson's disease 
exhibits high lipid peroxidation and reduced glutathione levels 
( Choi, 1993 ). Moreover, blocked or inhibited su lphur oxidation 
has been found in most neurodegenerative disorders including 
Parkinson's disease, Alzheimer's disease, amyotropic lateral 
sclerosis, lupus , aut ism ( Wilkinson, 2002 ). 
Alpha lipoic acid, a dithio compound is reported to offer 
protection to cell by forming antioxidant network with glutathione, 
coenzyme Qio, vitamin C and vitamin E to regenerate their 
antioxidant capacities ( Packer, 1997 ). It also has ability for metal 
chelation, scavenging reactive oxygen species and repair oxidative 
damage ( Bewenga, 1997 ). The above listed antioxidant properties 
as observed in this study, would have at t r ibuted towards lowering 
of TEARS and improved thiol levels. Similar resul ts were found by 
Anuradha & Varalakshmi 1999 against mercuric chloride induced 
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toxicity by ALA. Arivazhagan, 2000 also found improved 
antioxidant s t a tus and decreased rate of lipid peroxidation in aged 
rats on exposure to alpha lipoic acid. Nickander, 1996 found 
similar results in diabetic neuropathy induced lipid peroxidation 
and improved antioxidant potency after administrat ion of lipoic 
acid. 
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CHAPTER II 
AL TERA TION OF ANTIOXIDANT ENZYMES ON 
EXPOSURE TO METHYL MERCURY 
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Introduction 
The prevalence of mercury in the ear th ' s c rus t coupled 
with the relative case with which it is chemically modified and 
mobilized for exchange between land, air and aquatic 
environments imply that living systems have been in contact with 
mercurials throughout biologic evolution ( Clarkson, 1984 ). The 
multiple pathway of mercury poses serious concern because it 
persists in the environment and accumulates in the food web. The 
destructive pathologic consequences of MeHg have been 
extensively described including free radical s t ress mediated 
toxicity. To counter with free radical s t ress living organisms employ 
several mechanisms, one of which is presence of scavenging 
enzymes which detoxify the cell from free radicals. The principal 
detoxifying enzymes are Superoxide d ismutase , Catalase, 
Glutathione S Transferase, Glutathione peroxidase, Glutathine 
Reductase etc. Certain metal ions are essential for function of 
some enzymes. They are a class of cofactors. Metal ions can be 
described as positive and negative modifiers of various enzyme 
systems depending on their activity. The polar side chains of 
protein molecules lead to interaction with other electrolytes in 
solution and is natural that metal ions often have a pronounced 
effect on catalytic activity of proteins. The various roles that metal 
ions play in enzymatic reactions range from weak ionic strength 
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effect to high specific associations as in heme enzymes 
( Malmstrom, 1969 ).In some cases metals chelate regulatory 
substances like amino acid and thus alters the activity of enzymes. 
Superoxide dismutase (SOD) is a very important enzyme 
which is essential for the survival of aerobic cells. Superoxide 
radical is a common intermediate of oxygen reduction. It is readily 
generated by so many spontaneous and enzymatic oxidations that 
they may be assumed to be produced within all respiring 
organisms ( Misra and Fridovich, 1972 ). Superoxide dismutase is 
the enzyme which catalytically scavanges the superoxide radical, 
which appears to be an important agent of oxygen toxicity and 
hence, provides a na tura l defence mechanism against oxidative 
damage to t issues ( Fridovich, 1975 ) against deleterious effects of 
this radical or other free radicals which might be produced by its 
further reactions with cellular components. The superoxide anion 
is a free radical formed by one electron transfer to oxygen. SOD 
O2 + e- -> 02-' 
catalyses dismutation between two moles of superoxide anion to 
yield one mole of oxidized product O2 and one mole of reduced 
product H2 O2 ( Klug et. al, 1972 ). 
02-' + 02-* + 2H+ ^ O2 + H2O2 
The induction of SOD by oxygen allows the manipulat ion of the 
intracellular level of enzymes by the variation of oxygen tension 
68 
'Jliti'ralion of (UihaxnlrLnl ^nzuin^'s on exposure/o jrm/ZiyJjm-'rx'ufi^ 
under which the cells are grown. Superoxide arises naturally in 
some reactions such as xanthine oxidase, dihydrooratic acid 
oxidase, aldehyde oxidase, t ryptophan dioxygenase or during 
autooxidation of tissue const i tuents such as flavins, ascorbate or 
more dramatically during rapid spontaneous autooxidation of 
certain neuronal toxicants such as 6-hydroxydopamine or 6-
aminodopamine ( Cohen 8& Heikella, 1974 ). Several forms of SOD 
are identified. Originally it is a copper zinc protein of erythrocytes 
called as erythrocuprein discovered by Keilin in 1939. 
Cerebrocuprein in brain is a family of CuZn protein associated 
with SOD ( Fried, 1979 ) and similarly hepatocuprein in liver. In 
mammalian t issues a second form exists in which manganese is 
the prosthetic group ( Fridovich, 1976 ). In ra ts and mice, Mn-SOD 
is localized in mitochondria whereas, CuZn-SOD is cytoplasmic. 
Regional distribution studies in ra ts by Thomas and co-workers 
(1976) showed a relatively homogeneous distribution in brain. 
Studies on both microorganisms as well as higher organisms 
established that SOD serves as an essential defense mechanism 
against oxygen toxicity ( Crapo and Tierney, 1974 ). Peroxidative 
damage has been established as principal mediator of free radical 
toxicity. Oxidative and chemical s t ress ( Shukla et. ah, 1987 ) 
inhibited SOD activity in various regions of brain in growing rats. 
They suggested that s t ress directly and indirectly through 
69 
yiit^rafion o/an/ioxit/ani .•///y/.'^.'-i on ^'\rio.\ur\! lu nwlJn^I imin:! :^ 
inhibition of SOD increase lipid peroxidation in cell membrane and 
this produces damage to associated physiological functions leading 
CNS dysfunction. Superoxide anion can be generated through 
many reactions which include interaction of molecular oxygen with 
flavins, NADH, glutathione peroxidase and catecholamines ( Misra 
and Fndovich, 1972 ). 
Glutathione S-transferases (GST) are a group of widely 
distributed multifunctional enzymes which play critical role in 
response of cells to a wide variety of acute and chronic toxins 
( Patridge e t a/., 1983 ). It is non-selenium dependent glutathione 
peroxidase ( Sies e t al., 1979 ). Glutathione is a neucleophile 
involved in conjugation reactions which are important for 
elimination of foreign compounds in body such as , electrophilic 
toxicants ( Chasseaud, 1980 ). Glutathione S-transferases are 
thought to play a physiological role in initiating detoxification of 
potential alkylating agents including toxicants and other 
pharmacologically active compounds ( Boyland 8& Chasseaud, 
1969 ). These enzymes catalyse reaction of such compounds with 
sulfhydryl groups of glutathione thereby neutralizing their 
electrophilic sites and rendering the products more water-soluble 
( Habig et. al, 1974 ). Numerous compounds which can be 
detcxicated through GST include pesticides, food preservatives, 
food additives, carcinogens, polycyclic aromatic hydrocarbons, 
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amino azodyes and neurotoxins ( Boyland 8& Chasseaud, 1969 ). 
Jakoby and Keen, 1977 have proposed that GST provides a triple 
treat m the detoxification reaction; first, as a catalyst in many 
reactions in which glutathione is a nucleophile, secondly as a 
storage facility for various compounds prior to their metabolism or 
excretion, thirdly as a sacrificial covalent linkage for electrophilic 
compounds. The various kinds of GST include the following. 
1. Glutathione S-alkyl transferase - it acts as a catalyst in 
numerous reactions in which glutathione participate as a 
nucleophile. 
2. Glutathione S-epoxide transferase - it is active towards 
conjugation of active epoxides with glutathione . 
3. Glutathione S-alkene transferase - it catalyses the conjugation 
of unsa tu ra ted compounds with glutathione (covalent linkage). 
Glutathione S-transferase catalyzed reactions produce two 
types of products ( Douglas, 1987 ). 
l.A stable glutathione conjugate is formed by the nucleophilic 
attack of glutathione on the electrophilic centre. These types of 
reactions occur with subst ra tes such as epoxides (metabolites oi 
benzo). 
P450 
R-X + GSH • RSG + XH (I) 
Acetaminophen 
Where, X is a leaving group. 
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2. A reduced subst ra te and glutathione disulfide are formed. In 
this reaction, an unstable intermediate is the enzymatic 
product (Equation II) which is at tached non-enzymatically by a 
second molecule of glutathione (GSH) yielding the final product 
and GSSG (Equation III). Examples of subs t ra te for the second 
type of reaction are organic nitrate and organic hydroperoxides. 
R-X + GSH • RGS + XH (II) 
RGS + GSH ^ RH + GSSG (III) 
Glutathione S-transferase binds to a number of 
amphipathic compounds that do not metabolise (non-substrate 
ligands) and have been suggested to act as intracellular transport 
proteins for compounds with limited water solubility ( Levi et. al., 
1969 ). Glutathione S-conjugates formed by GST are further 
catabolised to cysteine derivatives by s imultaneous removal of 
glutamyl & glycine group of enzymes, y-glutamyl transferase and 
cysteinyl glycinase respectively. S-conjugates are further acetylated 
by N-acetyl transferase to mercapturic acid ( Boyland & 
Chasseaud, 1959 ). Brain GST has been reported to play important 
role in detoxification of potential toxicants through their 
conjugation ( Boyland & Chasseaud, 1969 ). GSTs are exclusively 
found in aerobic organisms. The various isozymes have specific 
subs t ra tes . Glutathione S-transferase has been shown to be 
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present in mammalian and avian brains besides its wide 
distribution in human body ( Dixit et. ah, 1981 ). 
Glutathione reductase is a FAD dependent heat labile 
enzyme that catalyses irreversible conversion of GSSG to GSH and 
accounts for a very high GSH to GSSG ratio of cells. 
Glutathione reductase 
GSSG + NADPH + H+ • NADP^ + GSH 
Glutathione reductase (GR) is reckoned to be as 
ubiquitous as glutathione and has been studied in various tissues 
( Ray & Prescott, 1975 ). The primary role of GR is to regenerate 
reduced glutathione (GSH) that has been oxidized (GSSG) by non-
specifically through oxygen radicals or peroxides, enzymatically 
through glutathione peroxidase (GSHPx) reaction, spontaneously or 
enzymatically through means of thiol disulfide exchange reaction 
or through other redox reaction. Benzi e t al (1995) found that 
superoxide dismutase and GSSG-R tend to decline during last half 
of life. It plays important role in maintaining reducing potential of 
cell ( Montero et. al, 1988 ). Glutathione reductase correlates with 
increase in GSSG/GSH ratio. The inhibition of glutathione and 
increase in GSSG levels have been reported in ra t brain during 
ageing by Benzi in 1988. GR has been illustrated as an inducible 
enzyme when rat liver cells were treated with various compounds 
indicating importance of GR in protection of cell against toxic 
agents ( Carlberg et. al, 1981 ). 
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Protocol 
For various sets of biochemical s tudies different groups 
comprising six animals each were used. Animals from Group I 
served as control while, animals of Group II, III and IV were used 
as experimental sets. Group II animals were given Methyl mercury 
Chloride (MeHgCl) 1 mg/kg body weight. Animals of Group III 
received Alpha Lipoic Acid 35 mg/kg body weight. Group IV 
animals were given MeHgCl 1 mg/kg body weight and Alpha Lipoic 
Acid 35-mg/kg body weight. All groups were t reated once a day 
each for seven days intraperitonially. On eighth day the animals 
were tested for Y-maze and Rota rod tests . The animals were 
sacrificed later on the day by cervical dislocation and immediately 
the brains were taken out on ice and separated into cerebrum, 
cerebellum and brain stem. The brain par ts were later processed 
for the assay of superoxide dismutase, glutathione s-transferase 
and glutathione reductase as described in detail in Materials and 
Methods. 
Result 
The result of methyl mercury toxicity on level of 
superoxide dismutase is summarized in Table 10. Methyl mercury 
exposure decreased SOD concentration significantly in comparison 
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TABLE 10. 
Alteration of superoxide dismutase (SOD) in different regions of rat central nervous 
system following methyl mercury (Img/kg b. wt) and oc-lipoic acid (35mg/kg b.wt) 
intoxication i.p. individually as well as in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Brain stem 
Control 
4,51 ±0.076 
3.85 ±0.068 
3.54 ±0.016 
MeHg treated 
3.22 ±0.335* 
(- 28.6%) 
2.92 ±0.013* 
(-24.15%) 
2 81 ±0.03** 
(- 20.62%) 
MeHg + ALA 
5.84 ±0.037* 
(+ 29.49%) 
4.81 ±0.011* 
(+ 24.93%) 
4.42 + 0.06* 
(+24.85%) 
ALA treated. 
6.93 ±0.011* 
(+53.65%) 
5.21 ±0.033** 
(+35.32%) 
4.73 ±0.019* 
(+33.61%) 
Values expressed as unit/mg protein are mean of ± S.E. of six animals. 
Figures in parentheses indicate change compared to controls. 
p < 0.05 p<0.01 
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TABLE 11. 
Alteration of glutathione reductase (GR) in different regions of rat central nervous 
system following methyl mercury (Img/kg b. wt) and oc-Iipoic acid (35mg/kg b.wt) 
intoxication i.p. individually as well as in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Brain stem 
Control 
30.69 ±0.048 
28.26 ±0.09 
24.41 ±0.107 
MeHg treated 
18.52 ±0 .076* 
(-38.61%) 
18.21 ± 0 . 0 2 * 
(-35.56%) 
16.35 ±0.053** 
(-33.01%)) 
MeHg + ALA 
39.48 ±0.052* 
(+ 28.64%) 
36.32 ±0.081* 
(+28.52%) 
28.42 ±0.063 * 
(+ 16.42%) 
ALA treated. 
42.54 ±0.11* 
(+38.61%) 
38.53±0.027* 
(+36.34%) 
31.71 ±0.06** 
(+ 29.9%) 
Values expressed as n mole NADPH oxidised/min/mg protein are mean of ± S E. 
of SIX animals. 
Figures in parentheses indicate change compared to controls. 
* p < 0.05 p<0.01 
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TABLE 12. 
Alteration of glutathione S-transfeiase (GST) in different regions of rat central 
nervous system following methyl mercury (Img/kg b. wt) and oc-lipoic 
acid (35mg/kg b.wt) intoxication i.p. individually as well as 
in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Bram stem 
Control 
131.58±0.296 
130.34± 0.330 
120.42 ±0.298 
MeHg treated 
102.37±0.231* 
(-22.19%) 
101.52 ±0.269* 
(-22.11%) 
100.91 ±0.403** 
(- 16.2%) 
MeHg + ALA 
150.37±0.315* 
(+ 14.28%) 
148.2+0.291** 
(+13.7%) 
132.26±0.289* 
(+ 10.08%) 
ALA treated. 
154.42± 0.263* 
(+17.35%) 
152.28±0.303* 
(+16.83%) 
139.25± 0.293* 
(+ 15.63%) 
Values expressed as n mole CDNB conjugate formed /min/mg protein are mean 
of ± S.E. of six animals. 
Figures m parentheses indicate change compared to controls. 
p < 0.05 * * p<0.01 
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TABLE 13. 
Effect of methyl mercui^ (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by Y-maze test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
-1-
Alpha lipoic acid 
Alterations 
4.83 ±0.16 
1.16±0.33* 
(75.98%) 
3.46 ±0 .3* 
(28.. 3 6%) 
Values expressed are alterations per 8 minutes by a rat. Values given are mean of 
± S.E of six animals. 
Figures m parentheses indicate change compared to control. 
*p <0.05, 
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TABLE 14. 
Effect of methyl mercury (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by 
Rota rod test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
% error 
2 
6* 
(- 200%) 
1* 
(+ 50%) 
Values expressed are % error (fall) by rats on Rota rod at 10 rpm before 
completion of 300 seconds. Values given are mean o f t S.E of six animals. 
Figures in parentheses indicate change compared to control. 
*p <0.05. 
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to control in studied brain parts . The highest inhibition of SOD 
activity was found in cerebrum at 28.6%. The observed order for 
SOD decrement is cerebrum > cerebellum > brain stem. Alpha 
lipoic acid when given in combination with methyl mercury 
induced significant rise in SOD. The enzyme level was found to be 
highest in cerebrum (p < 0.05) followed by cerebellum and brain 
stem respectively. 
The effect of methyl mercury on level of glutathione 
reductase and protective effect of ALA is shown in Table 11. 
Highest depletion of GR was found in cerebrum at 38 .61%. Methyl 
mercury exposure inhibited activity of GR in given order cerebrum, 
cerebellum and brain stem. Alpha lipoic acid when given in 
combination with methyl mercury improved GR levels at p < 0.05. 
The alteration of glutathione s-transferase on exposure to 
methyl mercury and restorative effect of alpha lipoic acid is shown 
in Table 12. The depletion of GST was highest in cerebrum on 
exposure to methyl mercury at 22.19% though the levels of activity 
in cerebellum was comparable at 22 .11%. Alpha lipoic acid 
restored GST levels in methyl mercury intoxicated ra ts in the 
following order - cerebrum > cerebellum > brain stem. 
The effect of methyl mercury on motor activity is shown in 
Table 14. 200% motor activity decline was observed in methyl 
mercur}' intoxicated rats as compared to control. Alpha lipoic acid 
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offered protection against methyl mercury induced decline in motor 
activity by 50% as compared to control. The effect of methyl 
mercury on memory as tested by Y-maze test is shown In Table 13. 
Methyl mercury fed rats demonstrated a decline of 75 .98% memory 
compared to control. But when mercury intoxicated ra t s were given 
alpha lipoic acid significant improvement in memory was noted at 
28 .36% in comparison to control (p < 0.05). 
Discussion 
Central nervous system is vulnerable to oxidative stress 
primarily as a consequence of high metabolic rate and deficient 
antioxidant defences. Elucidation of the intracellular pathways 
associated with free radicals in neuronal cells is essential in order 
to gain insight into pathophysiologic basis for neuronal death and 
to enable pharmacologic strategies to ameliorate such neuronal 
degeneration ( Aruoma, 2003 ). Redox inactive metals like lead, 
mercury and cadmium etc. deplete cells' major antioxidants and 
enzymes ( Ercal, 2000 ). The results in this s tudy depict a 
decreased level of tested enzyme - SOD, GR and GST indicating 
depletion of antioxidant resources on exposure of albino rats to 
MeHg induced free radical s tress. Free radical s t ress has proven 
role in neurobehavioural dysfunctions. Oxyradicals are involved in 
basic memory in brain, ageing process and degenerative disorders 
like, dementia ( Nagy, 2001 ). Formation of ROS, O*' and OH may 
81 
ZMIiej-afion of (uiltoxidojii enzij/n^s on t'Xfxjsure /o mi'J/jr///rn'/x-nry 
be responsible for progressive neural degeneration in dementia of 
Alzheimer's type ( Volicer & Cerino, 1990 ). Mc Ardle in 2002 found 
that ROS lead to weakness of skeletal muscle resulting in early 
ageing. Moreover, ROS accumulation inhibits force e.g., during 
exercise (Reid & Durham, 2002 ). MeHg causes negative effects on 
development of nervous system. The offsprings born to methyl 
mercur}^ chloride force-fed ra ts on sixth to ninth day of conception 
showed poor performance in Y-maze and operant behaviour tests 
( Liu 8& Li, 2001 ). Prenatal exposure to Hg causes alteration of 
both spontaneous and learned behaviours ( Fredriksson et al, 
1996) . 
Hg blocks immune function of Mn and Zn whose 
deficiencies cause significant neurological deficits ( Rajanna et. ah, 
1995 ). The low Zn level resul ts in deficiency of CuZn-SOD, which 
in tu rn leads to elevated superoxide levels due to toxic metal 
exposure. Malfunctioning of SOD-1 gene is responsible for familial 
amyotropic lateral sclerosis (FALS) ( Facchinehi, 1998 ). ROS 
increase in a concentration dependent manner on exposure to 
HgCli. Almost 3 - 10% oxygen utilized by t issues is converted to 
reactive intermediates. In vivo it leads to a significant decrease of 
total SOD, CuZn-SOD & Mn-SOD in cerebellum of rats treated 
with different doses of Hg though the enzyme did not vary much in 
cerebral cortex and brain stem ( Hussain et. al, 1997 ). SOD is 
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known to protect against peroxidative s t ress and replenish 
sulfhydryl groups ( Naqvi and Hasan, 1992 ). SOD has role in 
various diseases including Alzheimer's disease, Parkinson's 
disease, cancer, downs syndrome, dengue etc. ( Noor, 2002 ). 
The destructive, pathologic and biochemical consequences 
of MeHg have been extensively described. Relatively little is known 
however, about the defensive mechanisms neurons employ to 
protect themselves against mercurial injury. Studies using a 
variety of cell types have disclosed several inducible biochemical 
responses to heavy metals and pro-oxidant insult. These responses 
include modulation of cellular levels of glutathione, 
metallothionein, hemeoxygenase and other s t ress proteins. With a 
few exceptions, however, neurons appear to be markedly deficient 
in these responses ( Sarafian Ss Verity, 1996 ). Behavioural control 
involves CNS signaling on about 500,000 executive neurons where, 
there are 100,000 central neurons for each executive neuron. The 
dear th oi sufficient biochemical responses to heavy metal toxicity 
including that of MeHg in neurons is probably a major contributing 
factor towards poor performance on examined behavioural indices 
viz., memory on Y-maze and motor function on rotarod. 
Glutathione levels are low in brain areas generally being 
extremely low in neurons as assessed by a variety of techniques 
(Philbert et. al, 1991) . They studied over forty specific brain 
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MeHg and Oxidative Injury 
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Fig. 2. Diagram illustrating tliree path\\'a3's by which metliy] mercuiy causes inti-acellular oxidant 
stiess as well as means for suppressing tlris stress. 
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areavS, neuronal s tomata demonstrated much lower levels than 
that of the corresponding neuropil comprising primarily of glial 
processes. Mercury binds to sulfhydryl groups of proteins and 
disulfide groups in amino acids resulting in inactivation of sulfur 
and blocks related enzyme functions. Along with -SH groups it also 
blocks OH, NH2 and CI groups in proteins ( Mathleson, 1995 ). 
According to Hayes, 1983 mercury has high affinity for -SH, -
CONH2, -NH2, -COOH and -PO4. El Demerdash in 2001 reported 
decreased concentration of glutathione significantly in plasma and 
liver of ra ts exposed to mercury. Ashour in 1993 found decreased 
glutathione and its enzymes, glutathione reductase and 
glutathione peroxidase in isolated rat hepatocyte on exposure to 
mercury. Zaman, 1994 reported that GR and GST activities were 
significantly altered in HgCb treated housefly [Musca domestica) 
and cabbage lopper moth [Trichoplusia ni). However, Brambila, 
2002 observed activation of various GST genes in pregnant and 
non-pregnant ra ts on exposure to Hg vapour. Blocked or inhibited 
sulfur oxidation at cellular levels has been found in many chronic 
neurodegenerative disorders including Parkinson's disease, 
Alzheimer's disease, ALS, Lupus, Rheumatoid arthri t is , Autism etc. 
( Wilkinson, 2002 ). 
Glutathione represents major cellular defence mechanism 
against electrophiles such as MeHg ( Meister, 1994 ). First, 
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glutathione complexes directly with MeHg; secondly, the complex 
facilitates excretion from cells ( Kromidas et. ah, 1990 ). Thirdly, 
glutathione serves as the major cellular antioxidant helping to 
scavenge free radicals, destroy H2O2 and maintain protein 
sulfhydryls in reduced state ( Orrenius 86 Moldeus, 1984 ). Alpha 
lipoic acid by virtue of its antioxidant property regenerated 
endogenous antioxidants, raised glutathione level in brain which 
lead to improvement in glutathione reductase and glutathione S-
transferase. The metal chelating capacity of ALA probably along 
with elevated GST levels helped in removal of mercury which lead 
to increase level of SOD. The improved enzyme levels acted in 
unison against MeHg toxicity and helped to enhance motor and 
memory performance. Alpha lipoic acid was found to improve 
antioxidant enzyme levels against mercuric chloride-induced free 
radical damage. In 2000, Arivazhagan also reported similar results 
in ageing ra ts on exposure to alpha lipoic acid. 
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CHAPTER III 
METHYL MERCURY INDUCED FREE RADICAL 
STRESS ON CENTRAL DOGMA 
fK^t/iuitni^rcuru in'Juc^d fr^^e rac/iCdJ s/i\'^.i on c^n/ral d(j:/ina 
Introduction 
Genetic information encoded as gene sequences of 
nucleotide sub-uni ts in DNA and RNA specifies the sequence of 
amino acids in each distinct protein, which ultimately determines 
three-dimensional s t ructure and function of each protein. This is 
the sequence which manifests itself in life; any single alteration in 
the information pathway may lead to pathologic state and hence, 
the functional significance of central dogma is emphasized. 
Nucleic acids, DNA 8& RNA are biologically occurring 
polynucleotides in which the nucleotide residues are linked in a 
specific sequence by phosphodiester bonds. They store, transmit 
and translate genetic information. Nucleotides, besides being 
carrier of genetic information also carry chemical energy in cells 
(ATP), s t ructural components of many enzymes (coenzyme A) and 
cellular second messengers (c AMP). The average amount of DNA 
per diploid nucleus is constant for all normal t issues of the body 
including brain tissue ( Heller and Elliot, 1954 ) measurements of 
DNA quantity therefore, provides a convenient method for 
estimating total cell population in entire brain or its various 
regions. The amount of DNA in white mat ter approximately equals 
to that m cortex, and regional differences in the amount of brain 
DNA are relatively small ( Elliott and Heller, 1957 ). However, only 
cerebellum shows exceptionally high amounts of DNA ( May & 
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Grenell, 1959 ). The loss of myelin during degeneration and 
subsequent myelination of the newly growing fibers bring changes 
in most of the cell const i tuents including nucleic acids ( Mcllwain 
& Bchelard, 1971 ). 
The studies of RNA concentration are of interest to assess 
the rate of protein synthesis, and also to unders tand the functional 
s ta tus of nervous t issue ( Bergen et. ai, 1974 ). The amount of 
RNA in gray matter usually exceeds that in white mat ter ( Grenell, 
1958 ). RNA is highly concentrated in the nucleolus and in the 
nissl subs tance of the cytoplasm of nerve cells ( Casperrson, 
1936 ). The RNA concentration has also shown variations within 
different brain regions, the highest concentration being in 
cerebellum, hypothalamus, cerebral cortex and lowest in medulla 
( May & Grenell, 1959 ). RNA and protein synthesis may be 
involved in the accrual of sensory information in the brain, thus 
indicating a possible approach to elucidation of brain function on a 
molecular basis ( Hyden, 1964 ). He further reported that content 
of RNA in neurons vary over a wide range. Edstran, 1956 reported 
that there is proportionality between RNA content and surface area 
of the cell body. Brain in general, has high rate of metabolic 
activities. It therefore, needs more proteins; this view is correlated 
with presence of large number of cytoplasmic ribosomes. Proteins 
constitute 8% weight of whole fresh brain and 4 0 % dry weight of 
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vertebrate brain ( McUwain & Bachelard, 1971 ). Cells generally 
contain thousands of different proteins each with a biological 
activity. These functions include enzymatic catalysis (superoxide 
dismutase), molecular transport (hemoglobin), nutri t ion (casein), 
cellular defence (immunoglobulins), movement (tubulin), regulation 
(insulin) etc. The specific neuronal functions such as transmission 
are extensively mediated by proteins ( Block, 1978 ). Glycoproteins 
regulate specific cell-cell interactions, including cellular adhesion, 
mechanisms governing neuronal histogenesis, regional brain 
differentiation and specificity of neuronal associations ( Margolis, 
1975 ). A large amount of protein is present in gray mat te r than in 
white mat ter since myelin sheaths occupy the latter. 
It ha s been demonstrated tha t many environmental and 
nutritional functions may per turb brain protein ( McUwain & 
Bachelard, 1971 ). Arnaiz, 1975 reported tha t protein inhibition 
might be an indication of disequilibrium of the normal energy 
metabolism. Free amino acids in brain are involved in a number of 
metabolic processes ( Neame, 1969 ) and hence, demand for amino 
acid may possibly induce protein breakdown enabling animals to 
withstand toxic s tress by performing neurochemical functions. 
Moreover, a separate and special population of modern health 
hazardous chemicals is a group of agents that selectively suppress 
protein synthesis in mammalian t issues due to direct effect on 
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translation machinery elements or on messenger RNA processing 
steps. The agents of this group "Protein Synthesis Inhibitors (PSI)" 
are usually quite dangerous for human health since these 
substances inhibit the central molecular process of life i.e., protein 
synthesis. The small, but important sub-class of PSI is represented 
by agents with marked neurotropic properties i.e., by agents which 
are able to promote effective inhibition of protein synthesis in 
brain. While, the same agents do not necessarily influence 
translation process in other organs of the body. Mercury is a 
neurotropic agent ( Kuznetsov, 1989 ). In addition to the above 
listed property mercury produces free radical s t ress as evidenced 
by increased rate of TEARS in methyl mercury treated ra ts as has 
been mentioned in chapter three. This has wide implications as 
oxidative s t ress damages biomolecules - DNA (nucleolar and 
mitochondrial), RNA and protein. Increased levels of ROS damage 
DNA, RNA and protein in t issues of pat ients with Amyotropic 
lateral sclerosis, Alzheimer's and Parkinson's diseases at least in 
early disease progression ( Halliwell, 2001 ). Therefore, the present 
study was designed to assess the degree of assault on nucleic acids 
and proteins on exposure to methyl mercury, its relation to motor 
activity and memory, the restorative capability of ALA against 
listed parameters . 
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Protocol 
For various sets of biochemical studies different groups 
comprising six animals each were used. Animals from Group I 
served as control while, animals of Group II, III and IV were used 
as experimental sets. Group II animals were given Methyl mercury 
Chloride (MeHgCl) 1 mg/kg body weight. Animals of Group III 
received Alpha Lipoic Acid35 mg/kg body weight. Group IV 
animals were given MeHgCl 1 mg/kg body weight and alpha lipoic 
acid 35-mg/kg body weight. All groups were t reated once a day 
each for seven days intraperitonially. On eighth day the animals 
were tested for Y-maze and Rota rod tests . The animals were 
sacrificed later on the day by cervical dislocation and immediately 
the brains were taken out on ice and separated into cerebrum, 
cerebellum and brain stem. The brain par ts were later processed 
for the assay of nucleic acids (DNA, RNA) and protein as described 
in detail in Materials and Methods. 
Result 
The effect of methyl mercury intoxication and alpha lipoic 
acid individually as well as in combination on concentration of 
DNA is summarized in Table 15. Highest toxicity of methyl mercury 
mediated damage on concentration of DNA was observed in 
cerebellum. Methyl mercury decreased DNA concentration in 
studied brain parts in following order - cerebellum > cerebrum > 
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brain stem. Alpha lipoic acid when given in combination with 
methyl mercury prevented DNA damage in the same order. 
The effect of methyl mercury intoxication and alpha lipoic 
acid individually as well as in combination on concentration of 
RNA IS summarized in Table 16. Methyl mercury exposure 
decreased RNA concentration significantly in comparison to control 
in various brain par ts . The observed order for decrement of RNA 
concentration places cerebellum at the highest position followed by 
cerebrum and brain stem respectively. Alpha lipoic acid when 
given in combination with methyl mercury prevented RNA damage. 
Alpha lipoic acid offered highest protection to cerebellum at 
30 .15% when compared to control. The concentration of RNA 
followed the order - cerebellum, cerebrum and brain stem. 
The effect of methyl mercury intoxication and alpha lipoic 
acid individually as well as in combination on concentration of 
protein is summarized in Table 17. Methyl mercury intoxication 
depleted protein levels in exposed ra ts . The toxicant caused 
highest damage to cerebellum with 25 .45% change noted with 
respect to control. The observed order for protein damage on 
exposure to methyl mercury on studied brain par ts is cerebellum > 
cerebrum > brain stem. Alpha lipoic acid protected brain against 
methyl mercury mediated toxicity in following order - cerebellum > 
cerebrum > brain stem. 
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TABLE 15. 
Alteration of deoxyribose nucleic acid (DNA) in different regions of rat central 
nei-vous system following methyl mercury (Img/kg b. wt) and oc-lipoic acid 
(35mg/kg b.Yvt) intoxication i.p. individually as well as in 
combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Bram stem 
Control 
5.27 ±0.079 
5.84±0.192 
4.79 ±0.209 
MeHg treated 
3.13 ±0 .042* 
(40.60%) 
3.25 ±0.087* 
(44.34%) 
2.9 ±0.027** 
(39.45%) 
MeHg + ALA 
3.34±0.110* 
(36.62%) 
3.59±0.153** 
(38.52%) 
3.12±0.042* 
(34.86%) 
ALA treated. 
4.41 ±0.118* 
(16.31%) 
4.73± 0.169* 
(19.00%) 
4.25 ±0.088* 
( 11.27%) 
Values expressed as mg/g fresh tissue, are mean of ± S.E. of six animals 
Figures in parentheses indicate change compared to controls. 
* p < 0 . 0 5 p<0.01 
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TABLE 16. 
Alteration of ribose nucleic acid (RNA) in different regions of rat central nervous 
system following methyl mercury (Img/kg b. wt) and oc-Iipoic acid 
(35mg/kg b.wt) intoxication i.p. individually as well as 
in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Bram stem 
Control 
4.47 + 0,009 
4.51 ±0.076 
4.1! ±0.168 
MeHg treated 
3.13 + 0.026* 
(-29.97%) 
3.14 ±0,202* 
(- 30.37%) 
2.93 ±0.01* 
(-28.71%) 
MeHg + ALA 
5.6 ±0,009* 
(+25.25%) 
5.87 ±0.026* 
(+30.15%) 
5.13 ±0.023** 
(+24.81%) 
ALA treated. 
5.9 ±0.02* 
(+31.99%) 
6,13 ±0,03** 
(+ 35,92%) 
5,33 ±0,024* 
(+ 29.68%) 
Values expressed as mg/g fresh tissue, are mean of ± S.E. of six animals. 
Figures in parentheses indicate change compared to controls. 
p < 0.05 **p <0.01 
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Alteration of ribose nucleic acid (RNA) in different regions of rat central 
nervous system following methyl mercury (Img/kg b. wt) and alpha-lipoic 
acid (35mg/kg b.wt) intoxication i.p, individually as well as in 
combination for seven days. 
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TABLE 17. 
Alteration of protein in different regions of rat central nervous system following 
methyl mercury (Img/kg b. wt) and cx;-lipoic acid (35mg/kg b.wt) 
intoxication i.p. individually as well as in combination 
for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Brain stem 
Control 
112.4 + 0.23 
115.5±0.343 
98.72 ±0.29 
MeHg treated 
86.0210.281* 
(-23.46%) 
86.1 ±0.258** 
(- 25.45%) 
80.1 ±0,233* 
(-18.86%) 
MeHg + ALA 
137.12± 0.272* 
(+21.99%) 
141.35±0.319* 
(+22.38%) 
118.39±0.354* 
(+ 19.92%) 
ALA treated. 
138.42±0.326* 
(+23.20%) 
142.35± 0.207* 
(+23.29%) 
120.35+0.244* 
(+21.91%) 
Values expressed as mg/g fresh tissue, are mean of ± S.E. of six animals. 
Figures in parentheses indicate change compared to controls. 
* p < 0,05 p<0.01 
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'JKef/iuiiD^r-curu inducQ(I [r^^ rarhcal stf^iss, on c^'tUr-id (ftjyina 
TABLE 18. 
Effect of methyl mercuiy (Img/kg body wt) and alpha lipoic acid (35 mg/kg 
body wt) intraperitoneally on albino rats for seven days as assessed 
by Y-maze test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
Alterations 
4.83 ± 0 T 6 
L16 + 0.33* 
(75.98%) 
3.46 + 0.3* 
(28.36%) 
Values expressed are alterations per 8 minutes by a rat. Values given are mean of 
± S,E of six animals. 
Figures in parentheses indicate change compared to control. 
*p<0.05. 
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TABLE 19. 
Effect of methyl mercuiy (Img/kg body wt) and alpha iipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by 
Rota rod test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha Iipoic acid 
% error 
2 
6* 
(- 200%) 
1* 
(+ 50%) 
Values expressed are % error (fall) by rats on Rota rod at 10 rpm before 
completion of 300 seconds. Values given are mean of ± S.E of six animals. 
Figures m parentheses indicate change compared to control. 
*p < 0,05. 
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The effect of methyl mercury on motor activity is shown m 
Table 19. 200% motor activity decline was observed in methyl 
mercury' intoxicated ra ts as compared to control. Alpha lipoic acid 
offered protection against methyl mercury induced decline in motor 
activity by 50% as compared to control. The effect of methyl 
mercury on memory as tested by Y-maze test is shown In Table 18. 
Methyl mercury fed rats demonstrated a decline of 75 .98% memory 
compared to control. But when mercury intoxicated ra ts were given 
alpha lipoic acid significant improvement in memory was noted at 
28.36% in comparison to control (p < 0.05). 
Discussion 
In our study methyl mercury depleted nucleic acid and 
protem levels. Our resul ts are consistent with that of Chao, 1984 
which shov/ed inhibition of DNA 8& RNA synthesis by several 
mercury compounds including methyl mercury, ethyl mercuric 
chloride and phenyl mercuric chloride. On a mole-to-mole basis, 
MMC IS more deleterious than mercuric chloride in foetal astrocyte 
culture ( Choi & Kim 1984 ). Alexander et al, 1979 demonstrated 
mhibition of DNA synthesis in human lymphocyte culture. Mercury 
inhibits DNA to RNA transcription ( Haraguchi, 1999 ). Sarafian, 
1985 found lower concentration of methyl mercury chloride 
produced 10 - 15% greater inhibition of RNA than protein 
s^'nthcsis m vivo and m vitro. Methyl mercury decreases protein 
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synthesis in a concentration dependent manner ( Chistensen ei. 
al, 1993 ). Earlier from our laboratory Bano 86 Hasan in 2001 have 
demonstrated decrease in DNA level and altered protein 
concentrations m brain of HgCli intoxicated fish H. fossilis. Acute 
mercury exposure decreases microsomal protein level ( Alexidis 
A.N., 1994 ). Mercury induces decrease in renal concentration of 
amino acid, RNA, DNA, ATP and dry mat ter ( Koizumi, 1988 ). 
Mercury damaged DNA at concentrations as low as 1 micromole in 
U-937 cells ( Ben Ozer, 2000 ). 
Bellettis et. al, 2002 when exposed C6 glioma cells to 
MeHgOH at concentrations as low as lO""^  moles found ROS 
generation followed by oxidative DNA damage paralleled by 
mitochondrial DNA damage. In the presence of transit ion metals 
free radicals are generated in biological systems. Free radicals 
attack nucleic acid, proteins, and lipids. Free radicals have 
important role in several neurodegenerative diseases like, 
Parkinson's, Alzheimer's, Amyotropic lateral sclerosis etc. 
Production of free radicals increased during oxidative s t ress and in 
presence of metallic ions ( Durackova, 1993 ). Hydroxyl radical OH* 
damages DNA ( Cochrane, 1991 ). It has been estimated that 
reduced oxygen species are responsible for some 10,000 DNA base 
modifications per cell per day, eventually exceeding known DNA 
repair mechanisms ( Stadtman, E.R.; Protein oxidation ageing, 
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Science, 1992 ). There are multiple ways in which DNA damage is 
achieved through oxidative stress. In many cases mutilated DNA is 
produced by degradation of iron oxygen or copper oxygen complex 
releasing OH* by Fenton reaction ( Halliwell & Arouma, 1989 ). 
Alternatively during excitatory neurotransmit ter stimulation of 
neurons , the release in free calcium activates nuclease which 
results in OH production and ultimately oxidation of DNA 
( Orrenius et. ah, 1989 ). Generation of H2O2 during degeneration 
of amines by monoamine oxidase represents a special source of 
oxidative s t ress in brain ( Soto. Otero et. ah, 2001 ). Hydroxyl 
radical at tacks all four DNA bases ( Wiseman & Halliwell, 1996 ). 
Lipid peroxidation end products e.g., toxic aldehydes like, MDA 
and 4 hydroxynoneal causes damage to proteins and DNA for 
instance, by forming DNA base adducts ( El-Ghissassi et. ah, 
1995 ). Severe oxidative s t ress can produce major derangements of 
cell metabolism, including DNA breakage (often an early event), 
increase in intracellular free calcium, damage to membrane ion 
t ranspor ters or other specific proteins and lipid peroxidation 
( Lewen, 2000 ). 
ROS also catalyse oxidative modification of proteins 
including enzymes, rendering them degradable by cytosolic 
proteases further affecting cell function ( Stadtman, 1992 ). 
Oxidative damage leads to protein lesions which affect function of 
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receptors, enzymes and transport proteins. Repair enzymes may 
also be damaged; polymerases show decreased fidelity of nucleic 
acid replication ( Wiseman & Halliwell, 1996 ). ROS mediated 
protein damage could be due to oxidation of polypeptide backbone, 
peptide bond cleavage, protein-protein cross link or side chain 
modifications ( Stadtman 86 Berlett, 1999 ). Alternatively ROS 
produce protein bound reducing moieties which reduce transition 
metals further enhancing free radicals. Protein oxidation 
contributes to pool of abnormal and damaged enzymes/proteins, 
which increase during ageing and various pathological states 
( Villar-Rojas, 1996 ). Mercury compounds alter chromosome 
segregation at lower concentration; these effects are necessarily not 
due to mercury binding to spindle proteins. Verschaeve, 1985 
correlated it with inactivation of RNA polymerase 1 by binding to 
rnercuiy. MeHg inhibits protein synthesis in brain. It substantially 
decreases rate of ATP synthesis and poly (A) segments of mRNAs. A 
fall in mRNA polyadenylation rate seen under methyl mercury 
directly correlates with metabolic stability of respective poly (A) 
mRNA f Kuznetsov, 1987 ). MeHg decreases protein synthesis in a 
concentration dependent manner ( Chrxstensen, M.M. et. ah, 
1993 ). MeHg inhibition of protein synthesis occurs via direct 
interaction of protein synthetic machinery ( Sarafian, et. al, 
1984 ). Miura, 1989 suggested that inhibition of protein synthesis 
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could be partially due to autoregulatoiy depression in tubulin 
synthesis. Inhalation of mercury vapour inhibits binding of GTP to 
rat brain tubulin thereby, inhibiting tubulin polymerization into 
microtubules. A similar molecular lesion has also been observed in 
80% brains from patients with Alzheimer's disease ( Leong, et. al, 
2001 ). 
Though ROS are required in body to perform important 
tasks e.g., they can act as signal messenger and trigger molecules 
( Halliwell & Gutterige, 1999 ). Normal biological processes 
generate ROS probably for these functions, but any increase in 
level of ROS resul ts in pathological s tate. ROS are produced by 
mercury exposure and this at t r ibutes to assault on central dogma 
along with direct interaction of mercury with protein synthetic 
machinery. This possibly leads to impaired performance on rotarod 
and Y-maze. Oxyradicals are involved in basic memory processes 
in brain, ageing and degenerative disorders like, dementia ( Nagy, 
2001 ). Increase in ROS leads to oxidative damage to DNA, protein 
and lipids in degenerative diseases ( Lee, 2001 ). Enhanced ROS 
damage DNA, RNA &, protein at least in early disease progression 
( Halliwell, 2001 ). The mercury induced neurobehavioural 
dysfunction is well in relation with earlier s tudies; for instance, 
Powell, 2000 reported that mercury impaired short term and 
spatial memory along with deficit in motor function in exposed 
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rats . Methyl mercury intoxicated rats showed decline in motor 
activity on rotarod ( Sokomoto, 2002 ). Powell, 2000 found 
mercury-exposed workers of chemical factories showed short term 
and spatial memory, impaired sustained and divided attention, 
impaired motor speed. They also suffered from anxiety, depression 
and phobic avoidance. ALA, by virtue of its antioxidant property 
protects DNA, RNA & protein from free radical mediated injury 
owing to MeHg exposure. Arivazhaghan, 2000 earlier reported 
increased level of DNA, RNA and reduced level of damaged proteins 
in neuronal t issue of aged rats . This explains improved 
neurobehavioural performance on Y-maze and rotarod when ALA 
was given in combination with MeHg. Antioxidant properties of ALA 
are well established ( Bewenga, 1997 & Packer, 1997 ). Alpha lipoic 
acid improved memory in aged ra ts by reducing oxidation of DNA 
and RNA ( Liu, et. al, 2002 ). 
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CHAPTER IV 
NEUROBEHAVIOURAL DYSFUNCTION INDUCED 
BY METHYL MERCURY 
'\i'ufo/jc/j<-ioi<>ar\iJ dysfunchoii iiu/ijci'f/ fji, //A'/Ay/ /Hv'/ruri. 
Introduction 
The highly specialized activities of neuron are 
fundamentally dependent on biochemical pathways of intracellular 
communication ( Sarafian, 1993 ). Perturbat ions of these pathways 
can result not only in disturbance of neuronal function ( Devay et. 
al, 1986 ) but also in ultimate destruction of cell ( Minke et. al, 
1990 ). Neurobehavioural toxicity is of immense importance as 
behaviour is the functional indicator of net sensory, motor and 
integrative processes of central and peripheral nervous system 
( Mello, 1932 ). Neurobehavioural techniques used in animal 
behaviour toxicology measure neurobiological functions similar to 
those measured in humans exposed to neurotoxic agents, 
including alterations in sensory, motor, autonomic and cognitive 
function ( Tilson, 1993 ). Studies of the effects of drugs on animal 
behaviour have three main goals - to inform about the mechanism 
of action of drug; to elucidate behavioural processes through the 
use of behaviour altering drugs and to discover new drugs of 
potential value for treating human illness. 
Numerous studies have found that long term chronic low 
doses of mercury caused neurological, memory, motor, behaviour, 
sleep and mood problems ( Lichtitenberg, 1993 ). Neurobehavioural 
disorders of various intensities are well recognized among adverse 
health effects of exposure to mercury irrespective of dose. In 1995, 
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Ninomiya reported that neurological disorders were detected ten 
years later after the end of methyl mercury dispersion from 
Minamata and concluded that people on coast of Shiranui sea were 
affected by long term dietary exposure to low levels of mercury. The 
cognitive performance of children prenatally exposed to 
presumably safe levels of MeHg was found to be impaired in 
domains of memory, language and motor function ( Grandjean, 
1998 ). 
Monoamine oxidase (MAO) is one of the major mammalian 
neuronal enzymes. It is active in both neurons and glial cells in 
brain. MAO plays strategic role in inactivating catecholamines that 
are free within nerve terminals and not protected by storage 
vesicles ( Coyle & Snyder, 1981). MAO is a key enzyme involved in 
catalytic degradation of monoamines - 5 Hydroxytryptamine 
(5HT/Serotonin), dopamine (DA), norepinephrine (NE) by 
oxidatively deaminating amines to their corresponding aldehydes. 
It degrades compounds in which amine group is at tached to 
terminal carbon according to the following reaction. 
RCH2CH2NH2 + O2 + H2O -^ RCH2CHO + H2 O2 + NH3 
Two isozymes of MAO have been identified; they are 
characterized as MAO-A and MAO-B according to substrate 
specificity. MAO-A acts on norepinephrine and serotonin while, 
MAO-B acts on phenylethylamines. Both forms deaminate 
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substra te such as tyramine and tryptamine ( Houslay e t al., 
1976 ). MAO-B is found in brain while, MAO-A is found in rest of 
the body especially gastrointestinal tract. This enzyme is primarily 
associated with mitochondria. Distribution of monoamine oxidase 
activities towards different subs t ra tes - DA, NE, 5HT is 
heterogeneous both at subcellular and regional brain levels. In 
view oi functional importance of MAO towards regulation and 
compartmentation of amine metabolism, the heterogeneity of MAO 
at subcellular and regional level may assume pathophysiological 
importance in neuronal diseases e.g., Parkinsonism with which 
altered amine metabolism is associated ( Lai et. al, 1994 ). MAO 
degrades dopamine to homovallinic acid (HVA), serotonin to 5 
Hydroxy indole acetic acid (5 HIAA) and norepinephrine to 3, 4 -
dihydroxyphenyl glycoaldehyde. Any change in normal amine 
concentration will disturb the functions a t t r ibuted to respective 
amines and may result in convulsive seizures ( Kilien & Frey, 
1973 ). Changes in levels of dopamine are known to be associated 
with certain motor dysfunctions. Since MAO degrades biogenic 
amines, any change in its level will alter their concentration in 
body which will directly manifests itself in altered functions 
associated with amines. 
The catecholamines that act as neurot ransmi t te rs include 
dopamine (DA), epinephrine and norepinephrine (NE). Epinephrine 
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Tryptophan 
,CH2-CH-C00H 
NH2 Tryptophan 
Hydroxylase 
,CH2-CH-C00H 
NH2 
5 - Hydroxytryptophan 
5-Hydroxytryptophan decarboxylase 
(aromatic arryino acid decarboxylase) 
CH2-COOH 
Monoamine 
Oxidase 
(MAO) 
.CH2-CH2-NH2 
5 - Hydroxyindoleacetic acid 
(5HIAA) 
Serotonin 
(5 - Hydroxytryptamine) 
Fig. 3. Metabolism of serotonin 
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Tyrosine -CH2-CH-COOH 
NH2 
Tyrosine hydroxylase 
(Tetrahydrobiopterin) 
inhibitors 
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tyrosine 
Dopa HO-
HO-
-CH2-CH-COOH 
NH2 
L - aromatic amino acid 
decarboxylase 
(Pyridoxal phosphate) 
Carbidopa 
Benserazide 
Dopamine H O -
HO-
Noradrenaline 
(Norepinephrine) t 
-CH2-CH2-NH2 
Dopamine - p-hydroxyiase 
(Ascorbic acid) 
-CH2-CH2-NH2 
OH 
Fusaric acid 
Disulfiram 
Adrenaline 
(Epinephrine) 
Phenylethanolamine 
N - methyitrasferase 
-CH2-CH2-NH 
I I 
OH OH 
Fig. 4. Pathways of norepinephrine de^rad 
ation 
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,CH-CH2-NH2 
OH Monoamine 
oxidase 
HO 
Norepinephrine 
HO ,CH-CH2-0H 
OH 
3,4 - Dihydroxyphenylglycol 
3 - Methoxy-4-hydroxy-phenylglycol 
(MHPG) 
OH-CHO 
OH 
CH-COOH 
OH 
3,4 - Dihydroxymandelic acid 
CH3O 
3-Methoxy-4-hydroxy-
mandelic acid 
Vanillylmandelic acid 
(VMA) 
\ 0 ^ ^ ^ \^CH-CH2NH2 
1 ll OH 
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/ ' < \ JJ oxidase 
HO ^ ^ ^ ^ i ^ : ^ ^ ^ " ^ 
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—^-
CH30 CH-CHO 
OH 
Fig. 5. Synthesis of catecholamines 
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IS produced m the adrenals; some adrenergic neurons radiate from 
limbic system and discharge catecholamine into frontal cortex. The 
catecholammergic pathways are responsible for aler tness, mood, 
s tress and peripherally they modulate blood pressure etc. The 
catecholamine released from adrenal predominantly epinephrine 
constitutes a part of neuroendocrine system with CRF released 
from hypothalamus to induce ACTH released from pituitary, which 
in turn stimulates release of catecholamine from adrenals. 
Coordinated actions of norepinephrine and epinephrine help to 
combat stress. NE has role in arousal and depression. Dopamine 
systems regulate pleasure and movement centres . Dopaminergic 
neurons within substant ia nigra control initiation oi movement, 
resting muscle and targeted movement. Dopamine levels decline in 
neurodegenerative disorders including parkinsonism. Besides this, 
it is also involved in memory and motor processes. Serotonin is a 
primary neurotransmit ter which controls memory, mood, sex drive 
and appetite etc. A considerable amount of anatomic, 
pharmacologic and neurophysiologic evidence links central 
serotonergic mechanism to the regulation of diverse functions as 
sleep, body temperature as well as pathophysiology of human 
illness ranging from schizophrenia to Parkinson's disease ( Chase, 
1974 ). The catecholamines share a common synthetic pathway 
smg ammo acid tyrosine upon addition of OH by tyrosine u 
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hydroxylase forms dopamine precursor Dopa. Dopamine by 
addition of OH by dopamine p hydroxylase gets converted to 
noradrenaline. NE by further addition of methyl group is 
transformed into epinephrine. The rate-limiting step in the 
formation of catecholamines is tyrosine hydroxylase. Amino acid 
tryptophan by action of tryptophan hydroxylase gets converted to 5 
- hydroxytryptophan which by further action of 5 - hydroxyl 
t ryptophan decarboxylase forms serotonin i.e., 5 - hydroxyl 
tryptamin. The rate-limiting factor for 5 - HT synthesis is neuronal 
uptake of tryptophan. Keeping in view of the adverse effects of 
mercury on domains of motor function, depression and memory we 
decided to study its effect on monoamine oxidase (MAO) as MAO 
subs t ra tes NE, DA and 5-HT have role in said areas . Since MAO 
degrades neurot ransmit ters any change in its level will have a 
direct influence on these neurotransmit ters which will manifest 
itself in altered neurobehavioural functions. 
Protocol 
For various sets of biochemical s tudies different groups 
comprising six animals each were used. Animals from Group 1 
served as control while, animals of Group II, III and IV were used 
as experimental sets. Group II animals were given Methyl mercury 
Chloride (MeHgCl) 1 mg/kg body weight. Animals of Group 111 
received Alpha Lipoic Acid 35 mg/kg body weight. Group IV 
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animals were given MeHgCl 1 mg/kg body weight and Alpha Lipoic 
Acid 35-mg/kg body weight. All groups were treated once a day 
each for seven days intraperitonially. On eighth day the animals 
were tested for Photoactometer, Y-maze and Rota rod tests . The 
animals were sacrificed later on the day by cervical dislocation and 
immediately the brains were taken out on ice and separated into 
cerebrum, cerebellum and brain stem. The brain par t s were later 
processed for the assay of monoamine oxidase (MAO) as described 
in detail in Materials and Methods. 
Result 
The effect of methyl mercury intoxication and alpha lipoic 
acid individually as well as in combination on activity of enzyme 
monoamine oxidase is summarized in Table 20. MAO activity was 
found elevated in studied brain parts on exposure to methyl 
mercury. The elevation of enzyme activity was highest in cerebrum 
with 31.28% rise in comparison to control. The order of increase of 
MAO on exposure to methyl mercury is cerebrum, cerebellum and 
brain stem respectively. Alpha lipoic acid inclined enzyme activity 
towards control which was altered due to methyl mercury toxicity 
as evidenced by results . Highest protection was seen in cerebellum 
with 23.04% with respect to control. This was followed by 
cerebrum and brain stem. 
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TABLE 20. 
Alteration of monoamine oxidase (MAO) in different regions of rat central nei-vous 
system following methyl mercury (Img/kg b. wt) and oc-lipoic acid (35mg/kg b.wt) 
intoxication i.p. individually as well as in combination for seven days. 
Brain regions 
Cerebrum 
Cerebellum 
Brain stem 
Control 
4.73 ±0.014 
4.48 ±0.09 
4.35±0.011 
MeHg treated 
6.21 ±0.013* 
(+31.28%) 
5.77±0.017* 
(+28.79%) 
5.56 ±0.052* 
(+24.1%) 
MeHg + ALA 
3.64 ±0.016* 
(-23.04%) 
3.5 ±0.08 
(-21.87%) 
3.35 ±0.009* 
(-22.47%) 
ALA treated. 
3.59±0.138** 
(-24.1%) 
3.41 ±0.09** 
(- 23.88%) 
3.2 ±0.042* 
(-21.9%) 
Values expressed as n mole benzaldehyde formed/min/mg protein are mean of ± 
S.E of six animals. 
Figures in parentheses indicate change compared to controls. 
p < 0.05 p<0.01 
control MeHg MeHg+ALA ALA 
Alteration of monoamine oxidase (MAO) in different regions of rat central nervous 
system following methyl mercury (Img/kg b. wt) and alpha-lipoic 
acid (35mg/kg b.wt) intoxication i.p. individually 
as well as in combination for seven days. 
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Table 21. 
Effect of methyl mercuiy (Inig/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by 
Photoactometer test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
Activity 
202 ± 17.59 
121.83 ± 17.79* 
(39.68%) 
329.83 ± 16.15* 
(63.28%) 
Values expressed are counts / hour traversed by a rat. Values given are mean o f t 
S.E of six animals. 
Figures in parentheses indicate change compared to control. 
*p <0 .05 
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Control MeHg MeHg+ALA 
Effect of methyl mercury (Img/kg body wt) and alpha lipoic acid (35 
mg/kg body wt) intraperitoneally on albino rats for seven days as assessed 
by Photoactometer test. 
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TABLE 22. 
Effect of methyl mercuiy (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by Y-maze test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
Alterations 
4.83 ±0,16 
L16±0 .33* 
(75,98%) 
3,46 ±0,3* 
(28.. 3 6%) 
Values expressed are alterations per 8 minutes by a rat. Values given are mean of 
± S.E of six animals. 
Figures in parentheses indicate change compared to control, 
*p<0.05. 
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Control MeHg MeHg+ALA 
Effect of methyl mercury (Img/kg body wt) and alpha 
lipoic acid (35 mg/kg body wt) intraperitoneally on albino 
rats for seven days as assessed by Y-maze test. 
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TABLE 23. 
Effect of methyl mercury (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by 
Rota rod test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
% error 
2 
6* 
(- 200%) 
1* 
(+ 50%) 
Values expressed are % error (fall) by rats on Rota rod at 10 rpm before 
completion of 300 seconds. Values given are mean of ± S.E of six animals. 
Figures m parentheses indicate change compared to control. 
*p <0.05. 
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Effect of methyl mercury (Img/kg body wt) and alpha lipoic acid (35 
mg/kg body wt) intraperitoneally on albino rats for seven days as assessed 
bv Rota rod test. 
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The result of photoactometer test on exposure to methyl 
mercury and alpha lipoic acid is listed in Table 21 . Methyl mercury 
toxicity led to a decline in activity as estimated by photoactometer 
test. When alpha lipoic acid was given in combination with methyl 
mercury significant p < 0.01 improvement 62 .38% was observed in 
comparison to control. 
The effect of methyl mercury on motor activity is shown in 
Table 23 . 200% motor activity decline was observed in methyl 
mercury intoxicated ra ts as compared to control. Alpha lipoic acid 
offered protection against methyl mercury induced decline in motor 
activity by 50% as compared to control. The effect of methyl 
mercury on memory as tested by Y-maze test is shown In Table 22. 
Methyl mercury fed ra ts demonstrated a decline of 75 .98% memory 
compared to control. But when mercury intoxicated ra t s were given 
alpha lipoic acid significant improvement in memory was noted at 
28.36% in comparison to control (p < 0.05). 
Discussion 
Shafi, 1995 found that Hg elevated MAO activity in 
different regions of brain (telencephalon, cerebellum, 
diencephalons and medulla oblongata) in 3 teleost fishes. This 
study also demonstrate that MeHg increase MAO activity. 
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Enhanced levels of MAO have earlier been shown in our laboratory 
upon induction of s t ress ( Naqvi & Hasan, 1991 ). An increase in 
MAO activity with age in cerebral cortex, medulla, hypothalamus, 
s tr iatum and mid-brain of mice, monkeys and humans have been 
reported ( Robinson et. al, 1972 86 Fowler et. al, 1980 ). The tests 
of neurobehavioural functions demonstrated decline in all three 
domains on MeHg exposure in our study. Hg intoxicated rats 
showed central nervous depression as assessed by photoactometer 
test, detonated memory and motor function. The neurobehavioural 
estimations are well in relation to resul ts of MeHg toxicity on 
similar domains. Hg exposures had resulted in cognitive deficits in 
motor coordination, speed processing, cognitive flexibility, verbal 
fluency, memory, visual problem solving and conceptualization 
( Haut, et. al, 1999 ). Mercury leads to depression of intellectual 
functioning, impairment of attention, non-verbal short-term 
memory, visual judgments of angles, directions and psychomotor 
retardation, depression, anxiety and lack of interest ( Hua, et. al, 
1996 ). Mercury exposed workers of factory showed significantly 
impaired short term and spatial memory, impaired attention and 
motor speed. They also suffered from anxiety, depression and 
phobic avoidance ( Powell, 2000 ). 
The relative and region specific changes in brain MAO 
activities observed during ageing could be an indication of 
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neuronal degeneration ( Peng & Lee, 1979 ) or result of changes in 
lipid composition ( Sun & Samorajaski, 1972 ). MeHg enhances 
lipid peroxidation as discussed in chapter I. Since membrane-lipid 
composition is important in regulation of functional MAO activity 
( Tipton, 1973 ). Elevation of this enzyme may be associated with 
altered membrane enzyme relationship. H2O2 generated from MAO 
activity generates a special source of oxidative s t ress in brain. 
Generation of hydroxyl significantly reduces activities of both 
MAO-A and MAO-B ( Soto-Otero, 2002 ). Free radicals have 
important role in Amyotropic lateral sclerosis, Parkinson's and 
Alzheimer's diseases etc. Superoxide radical and H2O2 are 
produced by chemical reactions of oxygen with auto-oxidisable 
biomolecules such as adrenaline and dopamine ( Gutteridge and 
Halliwell, 1999 ). The generation of free radicals occurs through 
various sources including transition metals e.g., Hg. Free radicals 
oxidizes lipids, proteins and DNA. The oxidation of protein through 
ROS is of significance as tyrosine and t ryptophan used in 
neurotransmit ter synthesis get modified by oxyradicals. Tyrosine 
hydroxylase activity was found impaired along with deficit in 
behavioural indices specially those requiring greater sensory motor 
coordination on excessive ROS accumulation ( Cantuti-Castelvetri, 
2003 ). Tyrosine hydroxylase is a rate-limiting enzyme in synthesis 
of catecholamines. Oxidative inactivation of tyrosine hydroxylase 
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occurs m substant ia nigra of aged rat ( De La Cruz et. ah, 1996 ). 
ROS mediated oxidation of tyrosine residues yield 3,4-
dihydroxyphenylealanine, tyrosine-tyrosine crosslinks, 3-
nitrotyrosine ( Berlett & Stadtman, 1996 ). Peroxinitrite mediated 
modifications may lead to loss of biological function of some 
enzymes; however, nitration of tyrosine residues deserves special 
consideration because, nitration is an irreversible process and 
precludes the ability of tyrosine residue of regulatory proteins to 
undergo interconversion between modified and nucleotidylated 
forms or between unphosphorylated and phosphorylated forms 
( Berlett & Stadtman, 1999 ). Tryptophan, serotonin precursor is 
oxidized to (through ROS) 2,4-5-6 and 7 hydroxy tryptophan, 
formyl kynurenine, 3-hydroxykynurenine, nitrotryptophan 
( Kikugawa, 1994, Winchester & Lynn, 1970 ). Hg by inhibiting 
tyrosine and tryptophan ( Ono, 1987 ) decreases synthesis of 
neurotransmit ter . Mercury inhibits production of 
neurot ransmit ters by inhibiting calcium dependent 
neurotransmit ter release ( Atchison, 1998 ) and by blocking 
neurotransmit ter amino acids ( Stefanovic, 1998 ). 
Very high levels of Hg are found in brain memory areas 
such as cerebral cortex and hippocampus in pat ients with Hg 
related disorders ( Pandergrass 85 Haley, 1997 ). Methyl mercury 
decreases 5-HT levels in hypothalamus, brain stem and str iatum ( 
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Tsuzuki, 1982 ). MeHg at concentration 10|a.mole for 10 minutes 
induces inhibition uptake of 5-HT in rat primary astrocyte culture 
( Dave, 1994). Sharma m 1982 found that MeHg decreased brain 
concentration of tyrosine and lead to neuro-muscular dysfunction 
and depleted dopamine. He concluded that dopaminergic pathway 
is sensitive to CHsHgCl and UgCh- These mercury compounds 
inhibit dopamine, norepinephrine and ATPase in rat brain 
synaptosomes ( Rajanna et. ah, 1985 & 1990 ). For the 
noradrenergic neurons the final hydroxylation occurs within 
vesicles using ATP dependent process linked to proton pump 
( Holz, 1978). The inhibitory effect of HgCb and MeHg on rat brain 
synaptosomes depends on the ability of mercury to block 
sulfhydryl groups ( Magour, 1986 ). Hg decreases lithium level 
which IS a key factor in diseases like depression and Alzheimer's 
disease. Hg contr ibutes to low 5-HT, glucose and folate levels 
responsible for depression (Haut, 1999). 
In conclusion, MeHg leads to neurobehavioural 
dysfunctions owing to altered MAO levels which result due to 
imbalance m membrane lipid composition. Moreover, MAO activity 
itself leads to oxidative s t ress that when combined to MeHg 
generated free radical s t ress leads to oxidized proteins, tryptophan 
and tyrosine used in neurotransmit ter synthesis. Peroxidative 
s t ress accompanied by elevated MAO is present in Alzheimer's 
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disease (Bnezi, 1995). Depletion of dopaminergic neurons in 
substant ia nigra is characteristic of Parkinson's disease. 
Parkinson's disease also shows less norepinephrine and serotonin. 
Hg inhibits DA and 5-HT by blocking t ransport of neurotransmit ter 
amino acids, ATPase and sulfhydryl groups. Elevated MAO 
activities decrease neurotransmit ters . Loss of neurotransmit ters , 
their receptors and responsiveness to neurot ransmi t te rs are key 
manifestation of neurological ageing and age-related disorders 
which lead to decline in cognitive and motor function. Alpha hpoic 
acid by virtue of its antioxidant property restored MAO levels, 
decreased free radical s t ress that in tu rn improved depression, 
memory and motor activity. Arivazhagan, 2002 found that DA, 5-
HT and NE levels were elevated in aged ra ts upon exposure to ALA. 
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CHAPTER V 
EFFECT OF METHYL MERCUR Y TOXICITY ON 
BILIR UBIN, CREA TIN INE AND AL T 
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Introduction 
The accumulation of metal in our body occurs in the 
following order Hg > Cd > Zn in liver and Cd > Hg > Zn in kidney 
( Tandon, 2001 ). The cells have developed various strategies to 
cope with toxic stress. They include chemical modification of toxin, 
excretion by active t ransport to minimize concentration and to 
modify or s trengthen cellular proteins to overcome the toxic stress. 
Bilirubin is a conjugated tetrapyrroledicarboxylic acid, and 
is the prmciple pigment in bile. Bilirubin is the end product of 
heame catabolism in mammals , and most of the circulating 
bilirubin derived from senescent erythrocytes .At the end of the 
normal life span of erythrocytes,the heame dissociates from 
heamoglobin and is oxidised by the membrane-bound enzyme 
heame oxygenase (EC 1.14.99.3)to biliverdin, producing carbon 
monoxide as a by-product. Subsequent metabolism of biliverdin by 
the cytosolicenzyme biliverdin reductase (EC 1.3.1.24) gives rise to 
Bilirubin. Bilirubin exists in serum in four forms as unconjugated 
bilirubin, monoglucoronide, diglucoronide and albumin bound 
bilirubin. The last one is the most abundant form of bilirubin. 
P'or many years bilirubin was considered only as a waste 
end product oi heame catabolism which was either considered 
useless or toxic.During last few years, a number of intriguing 
biochemical properties of bilirubin have been discovered including 
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its particular role as an antioxidant ( Ross Mc Geary, 2003 ). 
Chinese traditionally use ox-gallstones in medicine which largely 
consist of calcium bilirubinate. In 1980s Stocker et. al. found that 
bilirubin at micromolar concentration efficiently scavenged 
peroxyradicals either in homogenous solution or in multilamellar 
liposomes to a greater extent than alpha tocopherol. Futher, 
Stocker and Ames 1987 showed that water-soluble bilirubin 
taurine conjugate could prevent radical induced oxidation of 
phosphatidyl choline in either micellar or multilamellar liposomes 
and that same conjugate greatly accelerate Cu"""" catalysed 
decomposition of hnolic acid and hydroperoxide. They also showed 
that albumin bound bilirubin at concentration comparable to those 
present in normal plasma also had antioxidant activity and was 
capable of protecting albumin bound linoleic acid against radical 
induced oxidation. In competition studies albumin conjugated 
bilirubin was also found to out compete an equimolar 
concentration of uric acid for peroxyl radicals, bu t was less 
efficient in scavenging these radicals than was ascorbic acid 
( Stocker and Ernst , 1989 ). In later works Stocker and Ernst 
demonstrated synergistic interaction between bilirubin and vitamin 
E in inhibiting the oxidation of phosphotidyl choline liposomes. 
Low micromolar concentration of bilirubin was able to inhibit 
oxidation of these liposomes in a concentration dependent manner 
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unlike ascorbic acid and glutathione which were ineffective. Frei 
and co-workers (1988) found bilirubin was more effective in 
protecting lipids from peroxidative damage than other endogenous 
antioxidants. Bilirubin scavanges superoxide radicals and protects 
serum albumin against auto-oxidation by OH radicals. It also acts 
as an antioxidant of peroxinitrite mediated protein oxidation in 
human blood plasma. Bilirubin has antioxidant effect similar to 
porphyrins. Asad et. ah, 2000 have shown bilirubin inhibits L-
dopa-Cu'^ mediated DNA cleavage, and that bilirubin directly 
quenches OH radicals generated by L-dopa-Cu"'"' system. Dore et. 
a/. 1999 have shown bilirubin conjugates to h u m a n serum albumm 
are neuroprotective reversing the neurotoxic effects of H2O2 on 
neuronal hippocampal cultures at concentrations as low as 10 
nmoles. 
The enzyme Alanine aminotransferase (ALT) previously 
known as Serum Glutamic Pyruvate Transaminase (SGPT) is a 
cytoplasmic enzyme that catalyses the t ransaminat ion of cc 
ketoglutarate and L-alanine, forming glutamate and pyruvate. This 
chemical reaction is irreversible. This enzyme is also called as 
Alanine t ransaminase . The highest activity of ALT is found in 
hepatocytes and striated muscles (skeletal and cardiac muscles) 
theiefore, increased serum ALT accompanies hepatocellular injury 
or necrosis of striated muscles ( Bain, 2003 ). This enzyme is 
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(jffi'c/ of tin'f/iul /neicuru ioxicitu on fjilsrufjui, Cfea/niiin' cuuJ '.JiL > 
primarily found in liver but to a lesser degree in the heart and 
other t issues, with cell injury or death ALT escapes from cytosol. It 
IS released from the liver cells into blood stream often before 
jaundice appears resulting m abnormally high serum levels. 
Determination of ALT activity is a relatively sensitive 
indicator of hepatic damage in certain animal species and can help 
to determine whether further diagnostic test i.e., creatine kinase, 
bile acid concentration or liver biopsy are necessary. Mechanism of 
increased activity of ALT in serum include enzyme released from 
damaged cells or induction of enzyme activity (increased enzyme 
synthesis) from drug administration. Release of ALT from cytosol 
can occur secondary to cellular necrosis or as a result of cellular 
injury with membrane damage and bleb formation. Very high ALT 
levels (50 times normal) suggest viral or severe drug induced 
hepatitis or other hepatic diseases with extensive necrosis (death of 
liver cells). Moderate to high-level increase in enzyme activity may 
indicate infectious mononucleosis, chronic hepatitis, intrahepatic 
cholestasis or cholecystitis, early or improving viral hepatit is or 
severe hepatic congestion due to heart failure. Marginal elevations 
occasionally occur in acute myocardial infarction, secondary 
hepatic congestion. Many medications produce hepatic injury by 
competitively interfering with cellular metabolism. Falsely elevated 
ALT levels can follow use of barbiturates, narcotics, methotrexate 
TIG 
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etc. In dogs, cats, rabbits and primates ALT activity is highest in 
hepatocytes. Therefore, serum ALT is specific for liver disease 
however; the measurement of serum ALT does not test hepatic 
integrity alone because high ALT activity may occur with striated 
muscle necrosis or injury ( Valentine, 1990 ). Ruminants , pigs, 
horses and birds have a much lower level of hepatocellular ALT 
activity. In these species increase of ALT is usually a reflection of 
skeletal muscle necrosis. 
Like many other organic bases, creatinine is filtered at 
glomerulus and secreted into tubular lumen by proximal tubular 
epithelial cells. Creatinine is an organic product of muscle protein 
metabolism. Its level is a reflection of bodies' muscle mass . Low 
levels are sometimes seen in kidney damage, protein starvation, 
liver disease or pregnancy. Elevated levels are sometimes seen in 
kidney disease due to the kidneys job of excreting creatinme, 
muscle degeneration, and some drugs involved in impairment of 
kidney function. Phosphogen is a group of compounds that acts as 
a storage form oi high-energy phosphate. These include creatine-
phosphate occurring in vertebrate skeletal muscle, heart, 
spermatozoa and brain. Arginine phosphate occurs in invertebrate 
muscle. Under physiologic concentration phosphogens permit ATP 
concentration to be maintained in muscles when ATP is rapidly 
being utilized as a source of energy for muscle contraction. On one 
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hand, when ATP/ADP ratio is high, their concentration can build 
up to act as a store for high-energy phosphate. In muscle creatine 
phosphate shutt le has been described that t ranspor ts high-energy 
phosphate from mitochondria to sarcolemma and acts as a high-
energy phosphate buffer. Creatine is synthesized from glycine and 
arginine precursors in muscle from creatine phosphate by 
irreversible non-enzymatic reaction. Creatine-phosphate is 
unstable and undergoes slow, spontaneous degradation to Pi and 
creatnine, which is excreted from muscle cell to plasma to urine. 
Both creatine and its high-energy form phosphocreatine are 
present in muscle, brain and blood. The 24-hour excretion of 
creatinine in urine of a subject is remarkably constant from day to 
day proprtionate to muscle mass . 
This experiment was designed to study the effect of MeHg 
on liver and kidney with a view to assess the antioxidant potential 
of bilirubin and in vivo, its relation with neurobehavioural 
parameters if any. Tests were also carried out to s tudy the effect of 
alpha-lipoic acid on listed parameters . 
Protocol 
For various sets of biochemical s tudies different groups 
comprising six animals each were used. Animals from Group I 
serv'ed as control while, animals of Group II, III and IV were used 
as experimental sets. Group II animals were given Methyl mercury 
— 
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Chloride (MeHgCl) 1 mg/kg body weight. Animals of Group III 
received Alpha Lipoic Acid 35 mg/kg body weight. Group IV 
animals were given MeHgCl 1 mg/kg body weight and Alpha Lipoic 
Acid 35-mg/kg body weight. All groups were treated once a day 
each for seven days intraperitonially. On eighth day the animals 
were tested for Photoactometer, Y-maze and Rota rod tests . Blood 
samples collected were later processed for the assay of bilirubin, 
creatinine and ALT as described in detail in 
Materials and Methods. 
Result 
Methyl mercury intoxicated ra ts showed decrease in 
antioxidant bilirubin, (Table 24) but when these animals were 
treated with alpha lipoic acid (ALA) significant improvement in 
bilirubin content was noticed. The ra ts with improved bilirubin 
were given ALA along with methyl mercury. These rats 
demonstrated better results on conducted tes ts of motor function 
and memory viz., rotarod and Y-maze tests . The effect of methyl 
mercury on motor activity is shown in Table 26. 200% motor 
activity decline was observed in methyl mercury intoxicated rats as 
compared to control. Alpha lipoic acid offered protection against 
methyl mercury induced decline in motor activity by 50% as 
compared to control. The effect of methyl mercury on memory as 
tested by Y-maze test is shown In Table 25 . Methyl mercury fed 
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TABLE 24. 
Alteration of serum bilirubin mg/dl following methyl mercury (Img/kg b. wt) and 
Qc-lipoic acid (35mg/kg b.wt) intoxication i.p. individually as well as in 
combination for seven days. 
Control 
0.65 + 0.42 
MeHg 
0.38 ±0.03** 
(41.53%) 
MeHg+ALA 
0.45 ±0.034* 
(30.76%) 
ALA 
0.49 ±0.032* 
(24.61%) 
Values given are mean of ± S.E of six animals. 
Figures in parenthesis indicate change compare to control 
^p<0.05. ' ** p<0.01 
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TABLE 25. 
Effect of methyl mercury (Img/kg body wt) and alpha iipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by Y-maze test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha Iipoic acid 
Alterations 
4.83 + 0.16 
1.16±0.33* 
(75.98%) 
3.46 ±0.3* 
(28..36%) 
Values expressed are alterations per 8 minutes by a rat. Values given are mean of 
± S.E of six animals. 
Figures in parentheses indicate change compared to control. 
*p <0.05. 
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TABLE 26. 
Effect of methyl mercui-y (Img/kg body wt) and alpha lipoic acid (35 mg/kg body 
wt) intraperitoneally on albino rats for seven days as assessed by 
Rota rod test. 
Test group 
Control 
Methyl mercury 
Methyl mercury 
+ 
Alpha lipoic acid 
% error 
2 
6* 
(- 200%) 
1* 
(+ 50%) 
Values expressed are %) error (fall) by rats on Rota rod at 10 rpm before 
completion of 300 seconds. Values given are mean of ± S.E of six animals. 
Figures in parentheses indicate change compared to control, 
*p < 0.05, 
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mg/kg body wt) intraperitoneally on albino rats for seven days as assessed 
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TABLE 27. 
Alteration of serum creatinine (mg/di) following methyl mercui^ (Img/kg b. wt) 
and oc-lipoic acid (35mg/kg b.wt) intoxication i.p, individually as well 
as in combination for seven days. 
Control 
0,54± 0.119 
MeHg 
0.95 ±0.041* 
MeHg+ALA 
0.91± 0.052* 
ALA 
0.87 ±0.055* 
Values given are mean of ± S.E of six animals. 
*p<0.05. ' 
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TABLE 28. 
Alteration of alanine aminotransferase (ALT) following methyl mercury (Img/kg b. 
wt) and oc-lipoic acid (35mg/kg b.wt) intoxication i.p. individually as 
well as in combination for seven days. 
Control 
111.83 14.86 
MeHg 
141.5±5.8* 
MeHg+ALA 
131±2.8** 
ALA 
129.8 ±2.02** 
Values given are mean of ± S.E of six animals. 
*p<0.05.^ **p<0.01 
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rats demonstrated a decline of 75 .98% memory compared to 
control. But when mercury intoxicated ra t s were given alpha lipoic 
acid significant improvement in memory was noted at 28.36% in 
comparison to control (p < 0.05). 
Methyl mercury dozed experimental animals exhibited a 
low level of serum creatinine (Table 27) and enzyme alanine 
aminotransferase (ALT) (Table 28) in comparison to controls. This 
indicated a poor state of hepatic and renal system. When the rats 
were given methyl mercury along with ALA were subsequently 
tested on given parameters they showed improvement in levels of 
serum creatinine and ALT. They also demonstrated improved 
behavioural indices of memory and motor function suggesting 
restoration of damage activity. 
Discussion 
Hyperbilirubinemia is commonly observed in newborn 
h u m a n s , and possible protective role of bilirubin in neonates has 
long been debated. Evidence has been found for the protective 
effect of bilirubin to neonatal ra t s exposed to hyperoxia against 
serum oxidative damage in first few days of life ( Dennery, 1995 ). 
The new concept advocates bilirubin as a biological endogenous 
antioxidant. Some research groups argue it to be a more potent 
antioxidant than glutathione ( Baranano, 2002 ). At physiologically 
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relevant concentrations bilirubin is useful in protecting the body 
against oxidative damage. 
In the current study it was found that decreased level of 
bilirubin on exposure to methyl mercury correlated well with 
neurobehavioural indices. Improved bilirubin concentrations 
corresponded with enhanced motor and memory functions in 
tested ra ts when ra ts were exposed to methyl mercury along with 
alpha lipoic acid. There are new studies devoted to assess the 
antioxidant s t a tus of bilirubin and its role in neuroprotection. The 
results of present study agree well with that of others. Serum 
bilirubin concentration decreases in pat ients with long duration of 
amyotropic lateral sclerosis (Ilzecka 8& Stelmsiak, 2003 ). They also 
found improved bilirubin levels associated with improved state of 
patient and concluded that a decrease in bilirubin concentration 
might diminish its protective effect against oxidative injury and 
could accelerate motor neuron degeneration. The major plasma 
antioxidants - bilirubin, uric acid and albumin were found to be 
significantly low in first episode of schizophrenia ( Reddy, 2003 ). 
The total and individual antioxidants decreased in plasma of 
chronic schizophrenia patients. In another study conducted by Liu, 
2003 it was found that bilirubin prevented autoimmune 
encephalomyelitis (EAE) in experimental animals. It also 
suppressed clinical EAE. It is concluded that neuroprotective 
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effects of bilirubin are observed because it prevents blood-brain 
barrier from free radical induced permeability changes. Asad et. al. 
2000 have shown bilirubin inhibits L-dopa-Cu"""" mediated DNA 
cleavage and that bilirubin directly quenches OH radicals 
generated by L-dopa-Cu++ system. Dore et. al. 1999 have shown 
bilirubin conjugates to human serum albumin are neuroprotective 
reversing the neurotoxic effects of H2O2 on neuronal hippocampal 
cultures at concentrations as low as 10 nmoles. As little as 10 
nmoles bilirubin provides cytoprotection against 10,000 fold high 
concentration of H2O2. This is possible by bilirubin redox system; 
during conversion of biliveridin to bilirubin the high amount of 
quenching of free radicals takes place. Bilirubin is a lipophilic 
compound associated with cell membranes and protects them 
against free radical injury. 
The ALT and creatinine values demonstrated 
enhancement on exposure to methyl mercury in our study. 
Mercuric intoxication produced alteration in ALT 8& AST of 
Notopterus notoptenis { Verma, 1984 ). 10 ppm methyl mercury 
significantly altered ALT leakage after 60 min. on isolated rat 
hepatocytes. El Demerdash, 2001 also found rise in ALT values on 
exposure to HgCL. Serum creatinine, urea increased in rats 
exposed to mercuric chloride ( Rumbeiha, 2000 ). Renal 
dysfunction caused by exposure to 5ppm mercury increased 
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plasma creatinine level ( Yasutake, et. al, 1997 ). The ra ts are 
maintained on high protein diet exhibited normal serum Cr and 
bilirubin with in 4 days following Hg exposure. Our results 
demonstrate that when Alpha Lipoic acid was given along with 
methyl mercury it helped to bring back the creatinine and enzyme 
ALT level restoring the hepatocellular damage. ALA improved 
protein s ta tus in methyl mercury exposed ra ts as discussed earlier 
in chapter IIL High dietary protein regimens may protect from 
mercury nephrotoxicity by reducing mercury uptake to second 
segment of proximal tubules during initial period of exposure to 
intravenously administered mercury ( Andrews & Chung, 1990 ). 
Moreover, there are evidences from previous work that ALA 
restores liver function. It helps in restoring liver function in cases 
of alcohol, mushroom, carbon tetrachloride poisoining and 
incidences of metal intoxication, i.e any where when oxidative 
s t ress is involved ( Bustamante , et. al, 1998 ). According to 
Lynch, 2001 lipoic acid confers protection against oxidative injury 
in neuronal and non-neuronal t issue. 
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